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PREFACE 
 
 
During the writing of this thesis, nomenclature relating to the genus Caladenia was reviewed 
(Jones, 2001).  The name Caladenia now applies only to the Fairy Orchids to which the type 
specimen belongs.  The Spider Orchids, to which this thesis relates, are renamed as the genus 
Arachnorchis.  Although the most current census from the National Herbarium of Victoria 
(Ross and Walsh, 2003) has taken a conservative view by retaining Caladenia over 
Arachnorchis, Arachnorchis will be used in this thesis. 
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SUMMARY 
 
 
Terrestrial orchids make up one of the most threatened groups of plants in Australia and the 
genus Arachnorchis is listed as the fourth most threatened.  The process of propagation and 
re-introduction of terrestrial orchid plants to the wild has proven difficult, and so far, nearly 
impossible for some species.  This may be partly because terrestrial orchids form complex 
relationships with mycorrhizal fungi and in genera like Arachnorchis the dependency on the 
fungus appears acute.   
 
Arachnorchis has long been considered by amateur growers of terrestrial orchids as one of the 
most difficult groups to propagate and maintain in cultivation.  This lack of knowledge on 
how to grow Arachnorchis species hinders attempts made by conservation authorities to 
supplement threatened wild populations in order to achieve a more sustainable future for those 
species.  Natural pollination was absent, but artificial pollination achieved 100% capsule 
production.  Individuals were self-fertile, although seed viability was greater for cross-
pollinated samples.  This study attempted to track the fate of as many Arachnorchis species as 
possible from germination through to deflasking and re-emergence, and so destructive and 
potentially destructive measurements at earlier stages were avoided.  This thesis examines 
germination and subsequent growth of up to eight species of Arachnorchis, but concentrated 
on A. phaeoclavia, A. tentaculata, A. fulva, A. robinsonii and A. venusta.  Two of these are 
common species: A. phaeoclavia and A. tentaculata, and three carried a threatened 
classification of “rare” or “endangered”: A. fulva, A. robinsonii and A. venusta. 
 
This study monitored the fate of individuals of the endangered A. fulva in the field and 
showed that large reproductive plants re-emerged and flowered each year, whereas smaller 
individuals might be absent in one or more years and were less likely to flower.  Germination 
of all species concentrated on using symbiotic culture (using mycorrhizal fungi), since 
germination is known to be more rapid, resulting in healthier, more robust seedlings than 
when plants are grown asymbiotically.  Tests using A. fulva and A. venusta, two threatened 
species, showed similar viability to A. tentaculata and A. phaeoclavia, more common species.  
Germination was maximised by examining the viability of seeds before and after treatment 
with surface-sterilising solutions required for aseptic culture. The highest levels of 
germination, with limited contamination, were achieved using 0.5% available chlorine for 3 
minutes. 
 x
The most effective fungal isolates (>65% germination) were obtained from common species 
like A. phaeoclavia and A. tentaculata, but there was no correlation between germination and 
time of year or life stage of the orchid.  Collar collection was shown to be non-fatal to robust 
orchid plants, with large reproductive individuals (at the time of collar collection) re-emerging 
in the next year and producing a flower bud.  Collar collection from small, weedy individuals 
could be fatal to the plant and isolation of an effective fungus was unlikely.  Cross-inoculating 
seeds with fungi isolated from a different orchid species was not recommended, since the 
symbiosis failed in all experiments, as late as Stage 4 protocorm development. 
 
A range of substrates was used to produce strong seedlings capable of surviving the transfer to 
nursery conditions with minimal loss.  More than 81% of seedlings survived deflasking from 
non-agar substrates, while the best result from agar was 55%.  Some substrates reduced the 
time involved from seed to plants in the field to as little as 4 months, but aftercare became 
critical.  Sucrose promoted tuberisation, but led to tuber deaths during dormancy.  Potting 
mixes were tested in the nursery and a free-draining loam mix based on a mix used by the 
Australasian Native Orchid Society was the best medium for deflasking of seedlings.  
Watering during dormancy should be avoided.  The choice of propagule for re-introduction 
was examined and the best survival to re-emergence was obtained by planting out actively-
growing seedlings in autumn.   
 
Identification of cultures using classical morphology grouped cultures as belonging to the 
form-genera Epulorhiza and Moniliopsis and suggested that most cultures contained more 
than one fungus.  Identification of the most useful fungal cultures was attempted using 
molecular techniques such as sequencing the ITS region and mitochondrial DNA.  One 
effective culture, CALAPHAER18 SHTX (cultured from a single monilioid cell) was 
identified as Serendipita vermifera (Oberwinkler) Roberts.  All other cultures tested were 
mixtures of fungi.  The use of specific primers designed to amplify a sequence present in the 
identified isolate (CALAPHAER18 SHTX) showed that nine mixed cultures also contained a 
fungus most closely related to Serendipita vermifera.  Specific primers also showed that 
Rhizoctonia solani was not present in any of the 10 isolates from Arachnorchis plants.  The 
molecular work showed that, although the sequenced endophytes from Arachnorchis were all 
most closely related to Serendipita vermifera, three distinct groups of fungi were present and 
these associated with separate species of Arachnorchis. 
 
 xi
Future work with Arachnorchis species will require the isolation of single fungus cultures and 
further examination of the development of the orchid plant.  In particular, the process of 
tuberisation and growth in vitro on various non-agar substrates should be investigated further. 
 xii
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1.1 INTRODUCTION 
 
The family Orchidaceae is an exceptionally large and diverse group of flowering plants, with 
around 800 genera and 25,000 species with a worldwide distribution (Dressler, 1981; Walsh 
and Entwisle, 1994).  Approximately 70% are epiphytic, 5% grow on a variety of substrates 
including rock and 25% are terrestrials (Arditti, 1992).  Over 100 genera and 700 species are 
represented in Australia.  Although the Orchidaceae is a large group of plants, many of its 
members are extremely vulnerable to extinction.  
 
Historically, most advances in orchid research have been achieved with epiphytes.  This 
research has been driven by the popularity of epiphytes (e.g. genera such as Cymbidium and 
Dendrobium) over terrestrials because of their often showy inflorescences (Stoutamire, 1963) 
and their general ease of propagation by vegetative division and asymbiotic culture (Arditti et 
al., 1990).  Terrestrials are generally considered more difficult to propagate and grow, 
especially those that are solely dependent upon regeneration from seed.  However, there are 
some epiphytes from north and south temperate regions that are just as difficult (Arditti et al., 
1990).  The research into terrestrials has progressed more slowy, due to the more complicated 
life cycle of these orchids, which involves a heavy dependence on mycorrhizal fungi.  
Mycorrhizal fungi are also associated with epiphytic orchids, but the dependence of the orchid 
on the fungal association is thought to be less critical for the survival of the adult orchid than 
it is for many terrestrial orchids (Richardson et al., 1993). 
 
 
1.2 AIMS AND PURPOSE OF THIS STUDY 
 
In Victoria alone, 237 orchid taxa from 26 genera are listed as being under threat (DSE, 
2003ab).  Of these taxa, 46 belong to the genus Arachnorchis D.L. Jones et M.A. Clements, a 
group renowned for its difficulty of propagation and cultivation.  These 46 threatened taxa are 
described as follows: 5 are listed as Poorly Known, 5 as Rare, 8 as Vulnerable, 24 as 
Endangered and 4 as Presumed Extinct (DSE, 2003ab; Environment Australia, 2003).  The 
majority of those listed are Endangered and only one step away from the Presumed Extinct 
category.  The purpose of this study was to overcome some of the problems associated with 
the propagation and cultivation of this genus.  The long-term aim was to be able to re-
introduce cultivated plants successfully into their natural habitats, allowing the removal of 
taxa from the Endangered category. 
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1.3 ARACHNORCHIS (SPIDER ORCHIDS)  
 
1.3.1 Taxonomic history 
Prior to Jones et al. (2001)’s revision, the genus Caladenia R.Br. was split into three groups 
in Victoria: Section Leptoceras, Sect. Caladenia and Sect. Calonema (Walsh and Entwisle, 
1994) accounting for 81 taxa (DSE, 2003a). Section Calonema (Spider Orchids), which has 
recently been raised to the generic level of Arachnorchis (Jones et al., 2001) is a group 
composed of over 150 taxa (Table 1.1), 57 of which occur in Victoria (Table 1.2).  Although 
validly published, the name Arachnorchis is not formally accepted by the Victorian 
Herbarium (J. Ross, Royal Botanic Gardens and National Herbarium, pers. comm., 2003).  
However, the International Plant Name Index lists the name and for clarity the name 
Arachnorchis will be used in this thesis.  
 
Arachnorchis plants are characterised by an erect, hairy, linear-lanceolate leaf, usually with a 
distinct pair of large, yellow glands at the base of the column (Walsh and Entwisle, 1994).  
The flowers usually possess long “spidery” perianth segments and hence the common name 
for the group is “Spider Orchids” (Fig. 1.1).  Osmophores are often present at the ends of the 
sepals (Fig. 1.1a).  Arachnorchis is a genus of terrestrial orchids with over 150 named species 
(Jones et al., 2001).  Most species have an exclusively Australian distribution, but a few 
species are found on neighbouring landmasses (Backhouse and Jeanes, 1995).  The taxonomy 
of the genus is far from static, with many new species described recently (Carr, 1986, 1988, 
1991; Jones, 1991, 1997).  However, after review by Clements (1993), many new names by 
both authors have been reduced to synonymy with previously described taxa.  In spite of this 
“reduction” in taxa, over 80 are labelled with threatened plant classifications (Briggs and 
Leigh, 1995; DSE, 2003ab).  
 
Many Arachnorchis are restricted in their distributions. The species studied in this project 
were Arachnorchis clavigera (A. Cunn. ex Lindl.) D.L. Jones et M.A. Clem., A. fulva (G.W. 
Carr) D.L. Jones et M.A. Clem., A. phaeoclavia (D. L. Jones) D.L. Jones et M.A. Clem., A. 
robinsonii (G.W. Carr) D.L. Jones et M.A. Clem., A. tentaculata (Schltdl.) D.L. Jones et M.A. 
Clem., A. venusta (D.L.Jones) D.L. Jones et M.A. Clem., and Glossodia major R. Br. as the 
outgroup taxon.  Arachnorchis fulva and A. robinsonii are classified as “endangered” and A. 
venusta is  
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Table 1.2 Detailed organisation of Victorian species of Arachnorchis based on Walsh & 
Entwisle (1994) and Jones et al. (2001).  Species being studied are shown in 
bold type.  An asterisk denotes a species listed as threatened (DSE, 2003ab). 
 
 
 
Arachnorchis cardiochila Group A. cardiochila (Tate) D.L.Jones et M.A.Clem. 
    A. tessellata* (Fitzg.)D.L.Jones et M.A.Clem. 
 
Arachnorchis clavigera Group A. clavigera (A. Cunn. ex Lindl.) D.L.Jones et M.A.Clem. 
 A. leptochila* (Fitzg.)D.L.Jones et M.A.Clem. 
 
Arachnorchis dilatata Group A. toxochila* (Tate) D.L.Jones et M.A.Clem. 
 A. tensa* (G.W.Carr) D.L.Jones et M.A.Clem. 
 A. verrucosa* (G.W.Carr) D.L.Jones et M.A.Clem. 
 A. stricta* (R.J.Bates) D.L.Jones et M.A.Clem. 
 A. phaeoclavia (D.L.Jones) D.L.Jones et M.A.Clem. 
 A. amoena*(D.L.Jones) D.L.Jones et M.A.Clem. 
 A. dilatata*(R.Br.) D.L.Jones et M.A.Clem. 
 A. tentaculata (Schldt.) D.L.Jones et M.A.Clem. 
 A. parva (G.W.Carr) D.L.Jones et M.A.Clem. 
 
Arachnorchis reticulata Group A. montana* (G.W.Carr) D.L.Jones et M.A.Clem.  
 A. calcicola*(G.W.Carr) D.L.Jones et M.A.Clem. 
 A. australis *(G.W.Carr) D.L.Jones et M.A.Clem. 
 A. lowanensis*(G.W.Carr) D.L.Jones et M.A.Clem. 
 A. valida * (Nicholls) D.L.Jones et M.A.Clem. 
 A. thysanochila*(G.W.Carr) D.L.Jones et M.A.Clem. 
 A. reticulata*(Fitzg.) D.L.Jones et M.A.Clem 
 A. insularis *(G.W.Carr) D.L.Jones et M.A.Clem. 
 A. brachyscapa*(G.W.Carr) D.L.Jones et M.A.Clem. 
 A. robinsonii*(G.W.Carr) D.L.Jones et M.A.Clem.  
 A. xanthochila* (D.Beardsell et C.Beardsell) D.L.Jones et M.A.Clem.  
 A. hastata* (Nicholls) D.L.Jones et M.A.Clem. 
 A. cruciformis *(D.L.Jones) D.L.Jones et M.A.Clem. 
 
Arachnorchis flavovirens Group A. aestiva* (D.L.Jones) D.L.Jones et M.A.Clem. 
 A. flavovirens * (G.W.Carr) D.L.Jones et M.A.Clem. 
 A. pumila* (R.S.Rogers) D.L.Jones et M.A.Clem. 
 
Arachnorchis patersonii Group A. audasii* (R.S.Rogers) D.L.Jones et M.A.Clem. 
 A. magnifica* (Nicholls) D.L.Jones et M.A.Clem. 
 A. patersonii* (R.Br.) D.L.Jones et M.A.Clem. 
 A. concolor* (Fitzg.) D.L.Jones et M.A.Clem 
 A. pilotensis* (D.L.Jones) D.L.Jones et M.A.Clem. 
 A. venusta* (D.L.Jones) D.L.Jones et M.A.Clem. 
 A. fulva* (G.W.Carr) D.L.Jones et M.A.Clem. 
 A. formosa* (G.W.Carr) D.L.Jones et M.A.Clem. 
 A. fragrantissima* (D.L.Jones et G.W.Carr) D.L.Jones et M.A.Clem. 
 A. versicolor* (G.W.Carr) D.L.Jones et M.A.Clem. 
 A. rosella* (G.W.Carr) D.L.Jones et M.A.Clem. 
 A. orientalis* (G.W.Carr) D.L.Jones et M.A.Clem. 
 A. oenochila* (G.W.Carr) D.L.Jones et M.A.Clem. 
 
plus 12 undescribed or hybrid taxa (DSE, 2003a) 
   
 
 
 
 
 21 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  A. Front view       B. Lateral view 
 
 
 
Figure 1.1 Floral architecture of Arachnorchis plants.  Diagram A) is based on 
Arachnorchis fulva and diagram B) is based on Arachnorchis phaeoclavia. 
Scale bars equal 1cm. 
 
Dorsal sepal 
Lateral sepals 
Lateral petals 
Labellum 
(modified petal) 
Osmophore 
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classified as “rare” (Briggs and Leigh, 1995). Both A. fulva and A. venusta belong to the 
Caladenia patersonii R. Br. Group (Walsh and Entwisle, 1994).  Every member of this group 
has a threatened plant classification (Table 1.2).  Arachnorchis robinsonii belongs to the 
Caladenia reticulata W. Fitzg. Group and most members of this group hold threatened plant 
classifications also.  The widespread and common species, A. clavigera, A. tentaculata and A. 
phaeoclavia were included as trial species, as contrasts to the threatened species and because 
seed and material for isolating mycorrhizal fungi was more accessible for these common 
species.  Studying these more common species simultaneously provides key information as to 
why they are more successful than the threatened species. 
 
 
1.3.2 Life cycle 
Terrestrial orchids exist as three groups based on life cycle characteristics.  Some are devoid 
of chlorophyll and spend most of their lives underground (e.g. Rhizanthella Rogers).  Only 
the reproductive structures of these orchids are ever raised above ground level.  Another 
group consists of evergreen terrestrial orchids, usually found in wetter environments (e.g. 
Phais Lour.).  The third group, with a deciduous habit, has the most members (e.g. 
Arachnorchis).   
 
1.3.2.1 The deciduous habit 
Plants of Arachnorchis are deciduous and possess a tuber (Backhouse and Jeanes, 1995).  An 
underground stem produces a single basal leaf in autumn, possibly in response to rainfall or 
lower temperatures.  The leaf elongates and enlarges as the season progresses (Fig. 1.2a).  In 
many species the leaf is erect and profusely hairy.  The immature flower is apparent in early 
winter and stem elongation takes place over a relatively short period, often in early to late 
spring (Fig. 1.2b).  Generally only a single flower per plant is produced, but occasionally two 
or more flowers are observed.  The flower is greatly modified (Fig. 1.3a), as is the case in 
many orchid species.  The flower is composed of three long sepals: two lateral sepals and one 
distinctive dorsal sepal.  Sepals are often each tapered into a long tail that is densely covered 
in glandular hairs (osmophores) (Jones et al., 2001).  There are three petals: two laterals and 
one greatly modified to form the labellum.  The labellum is often highly ornate, with 
outgrowths such as calli, fringes or hairs.  Such outgrowths are often distinctive in colour. 
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Figure 1.2 Above-ground life cycle of an Arachnorchis plant. Scale bar equals 1cm. 
c. Flowering – early 
to late spring 
a. Emerging bud – late 
autumn/early winter 
b. Bud – early 
to late spring 
e. Seed dispersal 
– late spring/early 
summer, leaf 
yellows and dies. 
Dormancy occurs. 
d. Seed set – ovary 
rapidly swells, mid 
to late spring 
Successful pollination 
by Thynnid wasp 
Leaf expansion and stem 
elongation 
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A. Lateral view B. Enlarged front view  
of column 
 
 
 
 
 
 
 
 
 
Figure 1.3 Reproductive parts of the flower of Arachnorchis plants.  Diagrams are based 
on Arachnorchis phaeoclavia after removal of lateral sepals.  
Scale bars A) 1 cm, B) 0.25 cm. 
Anthers 
Stigma 
Ovary 
Column 
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Flowers are bisexual (Fig. 1.3), carrying both the anther and stigma on the column (Fig 1.3a) 
(a fleshy, erect prolongation of the floral axis) (Walsh and Entwisle, 1994).  The pollen is 
usually held together in a sticky mass (pollinia) above the stigma, all of which are borne on 
the labellum side of the column.  The ovary is inferior (Walsh and Entwisle, 1994).  After 
successful pollination has taken place, the flower closes rapidly because of the production of a 
hormone (Bates, 1984), possibly ethylene.  Germinating pollen grains release auxin, which 
promotes the production of ethylene by the stigma (Salisbury and Ross, 1985).  Ethylene 
promotes the senescence of the flower and water and solutes are rapidly transported to the 
ovary.  Hormonal changes cause the breakdown of proteins and ribonucleic acids from petals 
and sepals (Salisbury and Ross, 1985). 
 
The ovary swells quickly and within 4-6 weeks each capsule matures, containing thousands of 
dust-like seeds (Fig. 1.2d).  Bates (1984) observed that capsules of A. rigida (R. Rogers) D.L. 
Jones et M.A. Clements, a South Australian member of the A. reticulata Group, matured 
within four weeks.  When the seeds of Arachnorchis plants have matured, the capsule dries 
out and splits as longitudinal bands contract, dispersing the seeds passively (Fig. 1.2e).  
Unlike Caladenia s. str., Arachnorchis plants do not multiply by producing daughter tubers 
from stolonoid roots (Jones et al., 2001) and rely on seedling recruitment for population 
expansion.  Growth ceases as soil moisture becomes limiting and the leaf becomes senescent.  
Plants survive the summer dry period as a dormant tuber, all above-ground organs having 
decayed (Backhouse and Jeanes, 1995).  
 
1.3.2.2 Pollination ecology 
Adams and Lawson (1993) reviewed pollination of Australian orchids and found that the 
major method of pollination was wasp pollination by pseudocopulation.  Known pollinator 
species for Arachnorchis include wasps of the hymenopteran family Tiphiidae, subfamily 
Thynninae (Stoutamire, 1975).  Thynnids are parasitic wasps, with wingless, often ant-like, 
females and larger males capable of flight (Stoutamire, 1974).  The mating behaviour of the 
flightless female involves climbing to the top of low vegetation such as grass stems and 
releasing pheromones (chemical sexual attractants) to attract the male.  The male thynnid 
wasps are responsible for pollinating many Arachnorchis species.  Pollination by thynnid 
wasps is often species-specific (Stoutamire, 1983).   
 
Sargent (1907) observed and provided drawings of a wasp pollinating Caladenia barbarossae 
(= Dracknorchis barbarossa, Table 1.1) and he was convinced that the wasp was obtaining 
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some form of food reward.  However, he never found evidence of nectar or ruptured cells 
after a wasp had visited a flower.  Stoutamire (1974) clarified the early conclusions of Sargent 
(1907) after more persistent observations.  The orchids attract the male wasp by mimicking 
the female wasp’s visual and pheromonal mechanisms (Stoutamire, 1974, 1983).  Most 
Arachnorchis species employing this method of pollination produce flowers that combine 
green, cream, brown and maroon colours.  No food rewards are offered, but kairomones 
(imitation pheromones) are produced from glands on the labellum or from osmophores at the 
ends of the sepals/petals and these attract the male wasp (Bower, 1992).  Deception of 
pollinators probably evolved through factors such as there never being enough plants in a 
population to maintain pollinator interest or simply as an energy saving to the plant in an 
environment of limited resources (Ackerman, 1986). 
 
The insect is drawn to the flower, flying in a characteristic zig-zag pattern as it traces the 
kairomone trail (Stoutamire, 1979).  This same family of wasps has been observed exhibiting 
similar behaviour with Cryptostylis R. Br. orchids (Wakefield, 1954).  The male wasp lands 
on the labellum, mistaking it for a female wasp.  Often the labellum tilts upwards and thrusts 
the wasp into the column when the wasp attempts to clasp the labellum and fly off with it 
while copulating.  While in contact with the column, the sticky pollinium adheres to the wasp 
(Fig. 1.4) and is usually transferred to the receptive stigma of the next orchid with which the 
wasp attempts to mate. 
 
It is possible to capture pollinating species of wasps of Arachnorchis plants using “baiting” 
experiments.  Baiting techniques (Stoutamire, 1983; Peakall, 1990; Bower, 1992) involve 
placing receptive orchid flowers in vials of water in a test-tube rack set at the natural display 
height of the orchid flowers.  Exposure of the flowers for 3-5 minutes is sufficient to attract 
any wasps in the area.  Wasps are more likely to be attracted if the temperature exceeds 20oC 
and the day is sunny.  Dropping a large insect net over the flowers captures any visiting 
wasps.  Bower (1992) identified Lophocheilus anilitatus (Smith) as the only pollinating 
thynnid wasp for populations of A. phaeoclavia in New South Wales.  By contrast, work with 
A. tentaculata showed several species of wasp were attracted to its flowers, although all 
species belonged to the genus Thynnoides.  Bower (1992) suggested that A. tentaculata may 
be a complex of several cryptic taxa, accounting for the apparent multiple pollinators for this 
“species” of Arachnorchis. Adams and Lawson (1993) further reviewed pollination of 
Australian orchids and recent work by Mant et al. (2001) has shown a similar trend to Bower  
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(1992) in Chiloglottis R. Br. terrestrial orchids.  Using molecular taxonomy to determine the 
species concept for both wasps and orchids, each species of orchid was shown to have its own 
species of pollinating wasp (Mant et al., 2001).   
 
Pollination events are more likely to occur at the beginning of the flowering season than at 
any other time (Bickerton, 1998).  This observation has been attributed to the “näiveté” of 
male wasps at the beginning of the season.  As flowering progresses, wasps avoid flowering 
stands of Arachnorchis after visiting one flower, two theories being that wasps learn that no 
female wasps are to be found in that area or that the pheromone is insufficiently attractive at 
close range (Peakall, 1996).  Wasps only revisit the area after a period of time elapses and this 
can vary from at least 15 min up to 24h (Peakall, 1990).  This behaviour could account for the 
low seed production observed in many naturally pollinated Arachnorchis populations where 
the pollinating wasp is known to be present (Bickerton, 1998).  An alternative theory is that 
early in the season, flowering plants are few and the ratio of unmated male wasps to receptive 
flowers favours pollination (Peakall, 1990).  However, as the season progresses, fewer 
unmated male wasps would be available to pollinate the increasing numbers of receptive 
flowers and the area would become increasingly swamped by pheromone, possibly 
disorienting the wasp (Wong and Schiestl, 2002). 
 
When plants are artificially pollinated by hand, most capsules set and produce abundant seeds.  
Even a single capsule can produce up to 60,000 seeds (A. Batty, Kings Park and Botanic 
Gardens, pers. comm.), and so the low incidence of pollination would not be expected to be 
limiting to the population.  There have been few seed production studies on Australian species 
of orchids and such meager information must be extrapolated for other orchids until more 
specific information is known.  Rare species such as A. fulva and A. robinsonii have not been 
studied in any detail before, hence the value of the current study. 
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1.3.3 Dust Seeds 
Orchid seeds are among the smallest known in the plant kingdom and are often referred to as 
“dust seeds”.  Orchids produce from several thousand to four million seeds per capsule, as in 
Cycnoches chlorochilon (Arditti, 1992). The testa is usually reticulate (net-like) and 
considerably larger than the tiny embryo.  As a consequence, orchid seeds have a large air 
space and combined with their tiny size, allow the seeds to float in air and water currents for 
considerable distances.  In most orchid species, endosperm and a cotyledon are absent in the 
seeds (Arditti, 1992).  It is because of the lack of endosperm that mycorrhizal fungi are crucial 
to the life cycle of orchids.  Mycorrhizal fungi invade the embryo and provide the nutritional 
mechanism to permit further development (Section 1.5). 
 
1.3.3.1 Seed viability  
The ability to test for viable cells within an embryo gives an indication of the likelihood that a 
seed will germinate.  Practice and skill is required to estimate what degree of viable cells is 
needed for germination, i.e. when the seed is viable, but such tests can be very accurate.  
Many researchers have raised the problem of dormancy in species of orchid difficult to 
germinate (Curtis, 1943; Withner, 1953; Stoutamire, 1974; Ballard, 1987).  A test independent 
of germination could quickly determine the relative proportions of viable and non-viable 
seeds regardless of any dormancy complication.  Several tests can be employed to determine 
seed viability; these include triphenyltetrazolium chloride (TTC) (Lakon, 1949), fluorescein 
diacetate (FDA) (Pritchard, 1985), Evans Blue (Baker and Mock, 1994) and the Fusarium test 
(Vujanovic et al., 2000). 
 
Regardless of the test used, interpretation of the results for orchid seeds can be difficult.  The 
testa of orchid seeds is often dark and can mask the intensity of a reaction to any test.  The 
removal of the testa, for example by mechanical means (Pritchard, 1985), can greatly assist 
the interpretation of results, but runs the risk of creating artifacts.   
 
1.3.3.2 Triphenyltetrazolium chloride (TTC) test 
The colourless TTC solution is reduced to a stable, red, insoluble formazan by 
dehydrogenases from respiratory chain when absorbed by living tissue (Lakon, 1949; Ellis et 
al., 1985).  Seeds are soaked in a 1% solution of TTC for 24 h at 30oC.  The intensity of the 
staining varies with the number of living cells.  Non-viable material remains unstained.  Singh 
(1981) used the TTC test successfully on a range of epiphytic orchid species but noted that it 
was most suitable on seeds that were small and almost transparent because the red coloring 
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was easier to see.  Malachite Green has also been used in combination with TTC to stain non-
viable tissue green (Singh, 1981).  Van Waes and Debergh (1986) used TTC on a range of 
western European orchids, but found that the method had to be modified to obtain optimal 
results.  They noted that the strong seed coat of European orchid seeds was impermeable to 
water and hindered the uptake of TTC.  They recommended soaking seeds in 5% Ca(OCl)2 
(w/v) (+ 1% Tween-80 (v/v) as a wetting agent), and then soaking in sterile water for 24 hours 
prior to applying the classical TTC test.  The soaking time in Ca(OCl)2 was species-
dependent.   
 
It is doubtful that Australian terrestrial orchids possess such a strong seed coat as European 
orchids but non-wetting of the seeds is still likely to occur because of the architecture of the 
seed.  Some modification of either of the above methods might be expected.  Often terrestrial 
orchid seeds, e.g. Arachnorchis, possess a very dark, almost black, testa signalling the 
presence of the strong glue-like compound suberin (Harvais, 1980).  Some form of pre- or 
post-soaking in a bleaching agent might be expected to prove beneficial to interpreting TTC 
results, but care would need to be exercised as over-bleaching can render the seed inviable. 
 
1.3.3.3 Fluorescein diacetate (FDA) test 
The FDA test (Pritchard, 1985) is possibly more difficult to interpret than the TTC test.  Seeds 
are usually soaked in water first to imbibe and then a solution of freshly dissolved FDA is 
added to the sample.  Rasmussen (1995) suggests scoring of embryos for viability within 10 
minutes, whereas Pritchard (1985) suggested incubation of seeds in FDA for 10 minutes and 
up to another 10 minutes could elapse during scoring.  Living cells absorb FDA into their 
protoplasm, where esterase enzymes break down the molecule, releasing the highly 
fluorescent fluorescein.  Living cells with intact plasma membranes retain fluorescein in the 
cytoplasm, while in damaged cells the fluorescein leaks out into the surrounding medium.  
Fluorescence ranges from very intense to quite a dull glow when viewed with ultra-violet 
light.  It is difficult to know how fluorescent an embryo must be to indicate that it is able to 
germinate and therefore be counted as viable.  A dark testa makes scoring very difficult, since 
a brilliantly fluorescing seed often appears dull when the testa is intact, severely 
underestimating the number of viable embryos (Pritchard, 1985).  To overcome this problem, 
Pritchard (1985) found complete removal of the testa and soaking of embryos in sterile water 
prior to exposure to FDA greatly improved staining ability.   
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The TTC test is more flexible because the red formazan compound is trapped within the 
embryo and is stable for many months (Ellis et al., 1985), unlike fluorescein, which has the 
ability to pass back out of damaged cells (Pritchard, 1985).  One of the advantages of the FDA 
test over TTC is that the testing process does not kill the embryo and, theoretically, this seed 
can be germinated normally after the test has been completed.  This might be an important 
consideration when dealing with extremely rare species where seed is critically limited.  As 
with any testing procedure, it must be compared with results obtained from germination 
testing to determine the relationship and provide a degree of confidence.  Pritchard (1985) did 
this and the FDA test was found to estimate seed viability accurately in Dactylorhiza, Ophrys, 
Orchis and Serapias orchids.  However, germination was defined as the “embryo had 
emerged from the testa” and, in terms of producing healthy, “normal” seedlings, viability 
might be over-estimated using this test.  Batty et al. (2001a) also compared symbiotic 
germination with chemical viability staining and found that both FDA and TTC overestimated 
the ability of seeds to germinate. 
 
Despite the limitations of both chemical tests, their advantage compared to traditional 
germination testing is the speed at which a useful result can be obtained in terms of potential 
germination (embryo with live cells).  Traditional germination testing using orchid seeds can 
take weeks or months, whereas the TTC and FDA tests can give a result within 24 hours.  
This is particularly useful when using old or stored seed, where the viability might be poor. 
 
1.3.3.4 Seed transfer and storage 
Often orchid seeds are transferred between locations using the postal system and Stoutamire 
(1992) investigated the effect of this handling.  A significant loss in viability occurred when 
seeds were given little or no protection within envelopes.  The system of rollers used in the 
postal system was crushing embryos during transit.  This damage was not noticeable to the 
naked eye, but was obvious when viewed with a microscope.  Stoutamire (1992) 
recommended the use of sturdy slide boxes as a protective mechanism.  Film canisters would 
be equally effective. 
 
Up until 20 years ago, the storage of orchid seeds had not been given much attention 
(reviewed by Pritchard and Seaton, 1993).  Orchid fanciers (generally of epiphytic orchids) 
have usually harvested seeds at the “green pod” stage, immediately placing the immature 
embryos onto complete nutrient media for asymbiotic germination (i.e. without fungus).  If 
seeds were stored it was often only for short-term periods and a household refrigerator was 
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sufficient (Seaton and Pritchard, 1990a).  Long-term storage of orchid seeds is attractive since 
it can preserve material of a broad genetic base and is very efficient compared to other, more 
labour intensive, methods (Thornhill and Koopowitz, 1992).  A tiny 2 cm3 vial is sufficient to 
store about 50,000 seeds from many species of orchid (Pritchard and Seaton, 1993). 
 
Within the last 10 years, greater emphasis has been placed on optimising storage conditions 
for orchid seeds (Pritchard et al., 1999).  The conservation movement, and concern that many 
orchid species have appeared on endangered species lists, have mainly driven this (IUCN/SSC 
Orchid Specialist Group, 1996).  Long-term storage has been an ultimate goal to provide 
insurance for the future if current circumstances are not capable of “rescuing” a species (Ellis 
et al., 1985).  Seeds are categorized as either “orthodox” or “recalcitrant”.  Orthodox seeds 
(Roberts, 1973) are able to withstand desiccation and ultra-cold temperatures without 
significant loss of viability.  On the other hand, recalcitrant seeds (often from tropical plants) 
suffer damage under those conditions and long-term storage is much more difficult.  Orchid 
seeds usually behave in an orthodox manner, but some species with seeds of high protein and 
lipid content behave in an “intermediate” fashion (Pritchard and Seaton, 1993). 
 
The first experiments using long-term, ultra-cold storage of orchid seeds were in 1965 using 
seeds from epiphytic species (Ito, 1965).  After desiccation, the seeds were reported to have 
germinated “well” after over a year in storage at –79oC.  Pritchard (1984, 1985) reported 
similar findings using a range of epiphytic and terrestrial orchid species, but had only exposed 
seeds to liquid nitrogen for 15 minutes.   
 
Desiccation and storage at 4oC can be used when liquid nitrogen is not available, as 
investigated by Shoushtari et al. (1994).  Seeds ranged in age from 6 years to 21 years and 2 
months.  All seeds were stored sealed in test-tubes over CaCl2 at 4oC.  A significant 
correlation was found between viability-staining (using TTC and Malachite green) and 
germination, which ranged from 0-75%.  Differences in viability within a species were noted, 
with some samples germinating while others did not.  Shoushtari et al. (1994) surmised that 
the condition of the original samples prior to storage might have been the cause, although 
when fresh, all samples recorded germination percentages from 80 to 100%.  Pritchard et al. 
(1999) also noted differences in the longevity of seeds of a species of orchid after storage. 
 
Factors affecting the viability of seeds in storage include original maturity of the sample, 
species characteristics and conditions prior to test storage conditions.  Seeds stored above 0oC 
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continue to respire and accumulate damage to macromolecules.  It is thought the low moisture 
content of these seeds prevents the operation of repair and turnover systems (Villiers and 
Edgcumbe, 1975) since seeds stored under wet conditions at the same temperatures do not 
show the same deterioration.  Where available, storage of seeds in liquid nitrogen should be 
used, because the temperatures involved effectively shut down the metabolism of seeds, 
preventing further damage. 
 
Very little information is available on the storage of terrestrial orchid seeds and even less on 
Australian species.  Wood et al. (2000) succeeded in preserving seed and a compatible fungus 
from the terrestrial orchid Dactylorhiza fuchsii using encapsulation in alginate beads followed 
by storage in liquid nitrogen.  Some work has been conducted at Kings Park and Botanic 
Garden, Perth with Western Australian species (Batty et al., 2001a).  It is anticipated that 
storage conditions appropriate for epiphytic orchid seeds may be adequate for the storage of 
terrestrial orchid seeds, although viability in the long term may prove to be species-specific. 
 
 
1.3.4 Threats to existing populations 
Threats to Victorian populations of Arachnorchis are usually generic, with some specific 
threats posed at particular sites.  By far the greatest threat to many endangered populations of 
Arachnorchis is that of land development and detrimental land use.  Arachnorchis amoena is 
severely threatened by habitat destruction for urban and agricultural development (DNRE, 
1998; Todd, 2000).  Only about 45 plants remain and this taxon has been rated “critically 
endangered” (IUCN, 2001).  Arachnorchis calcicola is another species severely threatened 
and plant numbers are in decline (Backhouse and Jeanes, 1995).  In the past, quarrying almost 
completely destroyed the largest of three known populations (Beecham and Fisher, 1992).   
 
Most populations of Arachnorchis are under threat from grazing by livestock, rabbits or 
native wildlife (particularly kangaroos and wallabies) (Bates, 1984; Bickerton, 1998).  On a 
population level, the biggest threat from grazing is the removal of flowers or immature seed 
capsules, effectively removing part of the next generation of Arachnorchis species from the 
site.  Arachnorchis plants are obligate seeders and, in general, natural recruitment of 
terrestrial orchids is very poor (Willems, 1982), even at sites with a low incidence of grazing 
(A. Pritchard, Department of Sustainability and Environment pers. comm.).  Removal of the 
leaf usually means removal of the developing flower bud and the vigour of the replacement 
tuber is diminished because of the reduced contribution of photosynthesis to tuber 
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development.  Caging of A. rosella G. W. Carr plants to prevent grazing has resulted in an 
increase in plant numbers (F. Coates, DSE, pers. comm.).  Such measures probably result 
indirectly in greater seed production, as well as protecting plants directly from grazing and 
trampling (Bevill et al., 1999).  A population of Ophrys sphegodes Mill. (Early Spider 
Orchid) declined after trampling and compaction of the soil during a period of grazing by 
cattle, even though grazing took place when plants were not reproducing (Waite and 
Hutchings, 1991).  Bickerton (1998) found 32% of flowers of the South Australian A. rigida 
failed to produce seed because of grazing.  Caging can provide a cheap and effective 
management tool for threatened species.   
 
The absence or scarcity of pollinators in an area is also a potential threat to successful seed 
production.  Only 20-25% of thynnid wasps are described and little is known of their ecology 
(Brown, 2001).  Due to lack of research, the importance of pollinators in population decline is 
unknown. Figures of less than 30% of flowering plants in a population being naturally 
pollinated are not unusual (Bickerton, 1998).  Bates (1984) observed similar levels of about 
20% with the same species, A. rigida, and most pollinations were by native bees (Exoneura 
sp.).  The pollinators of many Arachnorchis belong to the group of thynnid wasps, attracted to 
the flower by sex pheromones synthesised by the plant (Stoutamire, 1983).  As part of the 
biology of these wasps, a “food plant” is required.  The male wasps, responsible for 
pollinating many orchids, carry the female to a food plant where the male feeds her prior to 
release (Stoutamire, 1974).  Many species of wasps belong to undescribed genera, but 
Stoutamire (1979, 1983) was able to confirm Thynnoides bidens, T. preissi and members of 
the Zaspilothynnus genus as pollinators of Western Australian Arachnorchis.  In one example 
of re-introducing Caladenia elegans (= Calonema elegans (Hopper et A. Brown) D.L.Jones et 
M.A.Clem.) to the wild, it was not until the food plant (Thryptomene sp.) was also re-
introduced that the pollinating wasp was rediscovered in the area (Brown, 2001).  
Understanding the ecology of the pollinator will lead to the long-term sustainability of orchids 
relying on pseudocopulation for pollination.  Missing resources such as food plants for the 
wasp may have to be re-established as in the previous example.  
 
Illegal collection of entire plants has been noted as a threat in some areas, for example the 
Little Desert area in western Victoria with A. lowanensis/lindleyana (J. Anthony, Burnley 
College, University of Melbourne, pers. comm.).  Arachnorchis plants produce a very delicate 
and desirable flower, but the difficulties encountered with their propagation prevent them 
being readily available through the nursery trade.  Potential trade of plants collected from the 
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wild, rather than laboratory raised, is a problem for authorities trying to protect threatened 
orchid species. The production of hybrids not found in the wild, for example Epipactis 
“Sabine”, would remove the possibility of wild collection and would provide the public with 
especially attractive plants (Ronse, 1989).  In general, wild-collected plants survive only a 
few years in pots.  Drainage and composition of potting mix is crucial to successful culture, as 
tubers are prone to rotting if watering regimes and soil texture are unsuitable.  However, some 
dedicated growers have maintained potted Arachnorchis species for a decade or longer (M. 
Thomas, Australasian Native Orchid Society, pers. comm.).  It is thought that the difficulties 
encountered with the cultivation of Arachnorchis are due to the lack of mycorrhizal fungus 
(or fungi) that is largely responsible for the orchid’s nutrition (see 1.3.3 “Dust Seeds”). 
 
Of the species studied in this thesis, A. robinsonii is known from only one location and is 
threatened at that site by weed invasion from both grasses and woody plants such as Boneseed 
(Chrysanthemoides monilifera (L.) Norl.), Coast Wattle (Acacia longifolia (Andrews) Willd. 
var. sophorae (Labill.) Benth.) and Coast Tea-tree (Leptospermum laevigatum (Sol. ex 
Gaertn.) F. Muell.) (Gordes and Gordes, 1994).  The original site from which the type 
specimen was collected was destroyed by a housing development.  The only sites where A. 
fulva is found are two small nature reserves near Stawell (Deep Lead Flora and Fauna Reserve 
and Three Jacks Wildflower Sanctuary) and is not represented in any National Park 
(Backhouse and Jeanes, 1995).  These reserves are subject to gold exploration and mining, 
adjacent to residential areas and inadequately protected from trail-bikes and other activities.  
Weed invasion is also a problem.  A closely related species, A. audasii, was represented by 
only five plants in 1999 (J. Jeanes, Royal Botanic Gardens Melbourne, pers. comm.) and is 
also found at the Deep Lead Flora and Flora Reserve and at a site near Bendigo.  The situation 
is less critical for A. venusta, listed as Rare, because it has a more widespread distribution as 
well as being represented in National Parks.  However, total plant numbers are probably in the 
thousands rather than hundreds of thousands and without more successful recruitment in the 
future, the species may slide into the Endangered category.   
 
Preservation of threatened orchids will only occur once the threats to a population are 
effectively dealt with.  To do this, the body of knowledge surrounding the target orchid 
species must be increased to include all factors influencing the life-cycle of the orchid.  
Detailed biological and ecological information is required about the fungal partners and 
pollinating insects to ultimately improve the long-term survival of the orchids.  The most cost-
effective way to preserve the orchids is a self-sustaining population in the natural 
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environment.  To reach this desired end, various stages will be required, which may include 
ex situ populations when the wild population goes extinct. For this to happen, any obstacles 
with the propagation of a species need to be overcome.  Once multiplication of a species is 
successful, creating a secure environment is necessary.  In the past, the inability to prevent 
grazing of tubers of Diuris fragrantissima resulted in the loss of 70% of the adult population 
(Cropper, 1993).  Propagation difficulties were overcome, but reintroducing the plants to the 
wild requires more research and emphasis in recovery plans.  
 
 
1.4 MYCORRHIZAL ASSOCIATIONS 
 
Arachnorchis plants do not produce true roots during their first year (Raleigh, unpublished) 
and rely on an extensive network of rhizoids instead.  Even as adults, the root system is very 
limited and rhizoids remain the dominant feature (Ramsay et al., 1986).  An association has 
developed with mycorrhizal fungi and these fungi have taken over the role of the roots for the 
orchid plant, especially in that first year.  Most fungal associations with orchids involve fungi 
that are unspecialised saprotrophs or active plant pathogens (Roberts, 1999).  It is believed the 
difficulties associated with propagating Arachnorchis are directly linked to its dependence on 
the fungus.  Arachnorchis appears to be a genus with a heavy dependence on mycorrhizal 
fungi.  By analogy with other orchids, the relationship is probably one of parasite – host 
where the orchid is predominantly parasitic upon the fungus (Hadley and Purves, 1974; 
Purves and Hadley, 1975).  The fungus probably provides the orchid with nutrients as the 
orchid digests the hyphae within its cells (Hadley, 1984).  It is equally possible that the fungus 
provides increased nutrients or growth factors to the orchid while the hyphae are still active, 
resulting in greater growth rates of the orchid (Alexander and Hadley, 1984).  No evidence 
has been found that indicates the movement of sugars to the fungus from the orchid (Hadley 
and Purves, 1974; Smith and Smith, 1990), but other compounds such as vitamins might be 
transferred (Hadley and Ong, 1978).   
 
 
1.4.1 Stages of mycorrhizal infection 
In those Australian terrestrial orchids that have been studied, the fungus establishes an 
association with the orchid at the seed germination stage.  Two main types of penetration by 
the fungus are known in orchids.  In some orchids the fungal hyphae enter through the dead 
suspensor cells, but in others, the fungi enter via the rhizoids after the orchid seed has 
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germinated.  In Australian Pterostylis species, mycorrhizal fungi enter through the seed coat 
and penetrate the suspensor cells of the imbibed embryo (Clements, 1988).  Hyphae then 
invade the cortical cells and form coiled structures known as pelotons (French for “ball of 
string”), a word used by Bernard in 1909 (cited in Curtis, 1943).  Clements (1988) observed 
that all hyphae within the cortex were covered with a thin coating similar to material from 
plant cell walls.  The cortex is the region of greatest fungal activity and digestion of pelotons 
occurs there.  Fungal material ends up in the centre of a digestive cortical cell and this cell is 
reinvaded by new hyphae from neighboring outer cortex cells, sometimes forming layered 
pelotons (Huynh et al., 2004).  However, the formation of pelotons is no indication of a 
compatible association leading to well-developed seedlings (Zelmer and Currah, 1997). 
 
With effective fungi, the embryo swells and a darker, tan-coloured area often develops at one 
end (Rasmussen, 1995).  At this stage, after germination, the embryo is termed a “protocorm” 
(Bernard, 1899, cited in Curtis, 1939).  The protocorm continues to expand and extensions of 
the epidermal cells become apparent.  These extensions begin as simple bumps and slowly 
elongate to become rhizoids.  Often the development of protocorms is arrested at this point.  
Rhizoids are initially single-celled, but with further growth they become multicellular, 
functioning to anchor the protocorm to the substrate and act as passage cells for the infecting 
fungal hyphae (Clements, 1988).  Compatible associations with fungi result in rapid growth of 
meristematic tissue.  A shoot develops rapidly and then a dropper (or root-like structure) is 
formed more slowly.  Meristematic tissue remains free from hyphal infection in healthy 
protocorms and seedlings.  Pelotons and hyphae are usually restricted to certain regions of the 
adult orchid (Ramsay et al., 1986).  Sometimes the roots are the infected organs and in other 
instances parts of the stem are infected.  
 
 
1.4.2 Isolation of endophytic fungi 
In Caladenia s.l., endophytic fungi were located only in the collar region (Ramsay et al., 
1986) of a mature plant (Fig. 1.5).  Isolation of endophytic fungi is possibly best attempted 
when the plant is actively growing (Warcup, 1971; Huynh et al., 2004).  If isolation is 
attempted late in the season when senescence has commenced, saprophytic fungi have an 
increased likelihood of being present in the tissue used for isolation (Warcup, 1971).  Recent 
work (Huynh et al., 2004) has shown evidence of larger-diameter fungi in A. formosa collars 
towards the end of the growing season that were not apparent earlier in the season, when only 
small-diameter fungi were in evidence.  This observation might show two fungi are present  
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Figure 1.5 Schematic diagram of the limited root system of an Arachnorchis plant in 
Section Calonema.  Networks of fungal hyphae radiate out from the “collar” 
region acting as an artificial root system for the plant. 
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  39 
later in the season or it may be evidence of a second morphological form dependent on 
seasonal or metabolic conditions.  Masuhara et al. (1988) observed a similar situation during a 
seasonal study on the Japanese terrestrial orchid, Bletilla striata.  There were two distinct 
types of fungus.  They identified the larger fungus as Rhizoctonia repens and the smaller one, 
one isolate of which successfully germinated seeds and produced seedlings with leaves, as 
Rhizoctonia sp. 
 
Orchids that are actively growing usually show collar tissue that is clear of decay.  The collar 
region can be removed from the remainder of the plant using a sharp blade or scalpel and kept 
for several days until the pelotons can be isolated (Warcup, 1981).  When present, living 
pelotons are found just under the epidermal layer of collar tissue and appear as tiny opaque 
ovals at 10 x magnification.  It is important that pelotons are extracted from the plant material 
within a few days (Warcup, 1981) of harvesting the collar, to prevent non-mycorrhizal fungi 
from ramifying throughout the orchid tissue, making isolation of the slower-growing 
mycorrhizal fungi more difficult (Warcup, 1971).  
 
Regardless of the method used for isolation, the collar tissue is washed and rubbed under 
running tap water to remove soil and non-living orchid tissue such as the fibrous sheath 
(Warcup and Talbot, 1967; Clements and Ellyard, 1979).  The collar can then be surface-
sterilised in a decontaminating solution (Currah, 1987; Rasmussen, 1995).  Various solutions 
can be used to remove contaminants, with varying levels of success (Salmia, 1988).  For 
example, sodium hypochlorite or calcium hypochlorite have been used successfully (Wilson, 
1915).  Concentration of sterilising solution and the length of time involved are important 
factors. 
 
Two methods are commonly used to isolate mycorrhizal fungi from orchid plants.  After 
surface-sterilisation, cross-sections of the infected region (collar in Arachnorchis) can be cut  
(Ramsay et al., 1986; Currah et al., 1990; Jusaitis and Sorensen, 1993) and plated onto fungal 
isolating medium (Clements et al., 1986).  The disadvantage of this method is the high 
probability of isolating fungi that are non-mycorrhizal, since only peloton-forming fungi are 
thought to be mycorrhizal (Warcup and Talbot, 1967).  Warcup and Talbot (1967) isolated 
two species of fungi that formed intercellular mycelium, but not pelotons, within orchid 
tissue.  Neither of those fungi was considered to be mycorrhizal.  Currah et al. (1990) found 
no major differences between endophytes obtained from root segments isolated using this 
method, or by simply macerating a clump of orchid cells in a drop of sterile water prior to 
  40 
adding cooled molten agar.  However, in the latter study, no attempt was made to confirm 
mycorrhizal ability of the isolated endophytes by performing germination experiments.   
 
Another method of obtaining mycorrhizal fungi is to cut open the orchid tissue under sterile 
water and tease out the pelotons with a sharp needle or scalpel blade (Warcup and Talbot, 
1967).  The pelotons can then be transferred by micropipette through a series of sterile drops 
of water and onto agar (Rasmussen et al., 1990a).  A simpler procedure is to place a droplet of 
water, containing pelotons, into a Petri dish and then pour cooled, molten agar medium over 
them (Warcup and Talbot, 1967; Clements and Ellyard, 1979, Clements et al., 1986).  The 
addition of antibiotic to the medium, for example, streptomycin, impedes growth of bacteria, 
giving the hyphae a chance to establish in culture (Warcup, 1959).  However, Wilkinson et al. 
(1989) found that bacteria associated with Australian terrestrial orchids and their mycorrhizal 
fungi were sometimes capable of enhancing germination of orchid seeds inoculated with 
fungi.  The role of bacteria on seed germination may be more substantial than originally 
presented.   
 
Sometimes the establishment of cultures from pelotons fails.  Ramsay et al. (1986) noted that 
although pelotons were abundant in root-infected tissues, most isolated pelotons were not 
viable on agar.  It is possible that pelotons fail to grow because of nutritional requirements of 
the fungus not being met during isolation (Hadley and Ong, 1978), or because the fungus is 
simply moribund (Zelmer et al., 1996).  Another possibility is that the fungus is also involved 
in an obligate symbiosis with other plants in the vicinity (Warcup, 1985; Zelmer and Currah, 
1995a, Selosse et al., 2002).   
 
Pelotons cultured by covering them with cooled molten agar might require further sub-
culturing if bacteria are present.  “Window-plates” can aid this process (Clements et al., 
1986).  Window plates are poured in such a way as to leave part of the Petri dish free from 
agar medium.  Individual colonies from pelotons can be removed from the original culture 
plate after 3-4 days’ growth and placed onto the agar-free area of the petri dish.  The hyphae 
are generally more successful and faster at growing across the gap to the nutrient medium 
than bacteria.  The fungal culture can then be sub-cultured onto a different medium to be used 
for further sub-cultures or storage.  Regardless of the method used to isolate fungi from orchid 
tissues, it has been noted with European terrestrial orchids that only 25% of isolations resulted 
in cultures capable of germinating orchid seeds (Clements et al., 1986).  A similar situation 
could be expected with Australian terrestrial orchids. 
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1.4.3 The question of specificity 
1.4.3.1 What is specificity? 
Specificity, relating to orchids and their endophytes, has hinged on two main principles. 
These principles were put forward by Bernard in 1909 (Curtis, 1939).  The first principle was 
that orchid seeds were stated as requiring the aid of an endophytic fungus residing in the roots 
of the orchid.  The second principle related to finding the same species of fungus in the roots 
of orchids of the same species or group.  Bernard stated that “the seeds of one species or 
genus of orchids would germinate only in the presence of the fungus from that orchid or 
others of closely related genera” (Bernard, 1909 cited in Curtis, 1939).  Arditti (1992) 
describes the historical input of other researchers. 
 
Specificity relating to the germination of orchid seeds has more recently been redefined from 
the original notion put forward by Bernard.  Specificity can be strictly confined to the 
germination or non-germination of orchid seeds, and the subsequent growth of protocorms 
defined as relating more to the “compatibility” of the fungus with the orchid (Clements, 1988; 
Petersen et al., 1998). The definition has been expanded further into “ecological specificity” 
and “potential specificity” (Masuhara and Katsuya, 1994) as new methods of studying orchid 
seeds in situ have developed.  “Ecological specificity” relates to fungi capable of germinating 
orchid seeds in situ, whereas “potential specificity” relates to fungi able to germinate seeds in 
vitro or in situations other than those occurring naturally.  Potential specificity can be greatly 
influenced by the nutrient medium used in germination trials in vitro.  
 
1.4.3.2 Specificity and germination 
Much of the literature (Harvais, 1974; Mitchell, 1988; Jusaitis and Sorensen, 1993; Chang and 
Chou, 2001) defines germination as the splitting of the testa, but this state can be easily 
achieved on sucrose-based media without a fungus being present (Knudson, 1922).  Studies 
using such media, with the stated definition of germination, must be treated with caution, 
since the fungus may have had little or no influence on the said “germination” achieved.  
Often some seeds will germinate and even produce protocorms with a green leaf, but clearing 
and staining (Brundrett et al., 1984) of the protocorms is required to verify peloton formation 
and therefore an association with a fungus.  To further complicate the matter, although 
pelotons may be observed, recent SEM studies on Arachnorchis protocorms have shown 
differences in the distribution of pelotons between fully compatible and mainly incompatible 
fungi (Wright, 2001).  Such differences appear to relate to the ability of the protocorm to 
restrict the fungus to certain cells.  In compatible associations the pelotons are restricted to the 
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suspensor cells, whereas in incompatible associations the pelotons form in cells throughout 
the protocorm tissue.  In such situations, it is possible for pelotons to form, suggesting an 
association between the fungus and the orchid, but the growth of the orchid is slow and sub-
optimal, possibly leading to parasitism of the orchid by the fungus.   
 
Testing of fungal cultures against orchid seeds of known species and provenance gives an 
indication of the strength of specificity of the fungus.  There has been much contention in the 
literature as to the specificity (Bernard, 1909, cited in Curtis 1939; Perkins et al., 1995; 
Warcup, 1971, 1981, 1988) or non-specificity (Curtis, 1939; Hadley, 1970) of orchid 
endophytes.  Historically, all work on specificity has occurred using orchid seeds germinated 
in vitro, and it has since been argued (Ramsay et al., 1986; Masuhara and Katsuya, 1994) that 
the results of such work may not be relevant to orchids in their natural environments.   
 
Curtis (1939) found no apparent specificity between orchid species and species of Rhizoctonia 
found in the orchid.  Curtis (1939) concluded that many different fungi were to be found in a 
single orchid plant, a view shared by many researchers (terrestrials; Masuhara et al., 1988; 
epiphytes; Bayman et al., 1997).  Curtis (1937, 1939) believed there was more likely to be a 
correlation between fungus and the habitat of the orchid.  Hadley (1970) also stated there was 
“no evidence of specificity between one host (orchid) and a single species or strain of 
fungus”.  Similar to Muir (1987), he found the isolates he was using were able to stimulate 
germination in many of the Northern European orchids that he tested, but he did not specify 
the level of development reached by the protocorms.  Unfortunately, the only Australian 
orchid seed he investigated was that of the epiphyte, Cymbidium canaliculatum, and it is 
generally accepted that epiphytic orchids are less dependent on their fungal partners 
(Richardson et al., 1993).  It was also most unfortunate that Hadley (1970) excluded Sebacina 
vermifera from symbiosis experiments because of its “complex nutritional requirements and 
slow growth rate”.  It was not until 1981 that Warcup discovered growth of S. vermifera was 
much improved using an oatmeal-based agar medium.   
 
Warcup (1971, 1981, 1988) has been the predominant worker on fungal specificity in 
Australian terrestrial orchids.  This “specificity” though, generally related more to the species 
of fungi found associated with adult orchids as endophytes than as fungi intimately involved 
in the germination of that species of orchid.  He tested a wide range of orchid taxa against 
numerous fungal strains, many of which had been identified in previous work (Warcup and 
Talbot, 1967, 1971) as belonging to the genera Ceratobasidium D. P. Rogers, Thanatephorus 
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Donk, Tulasnella J. Schröt and Sebacina Tul. (Syn. Serendipta P. Roberts), all 
basidiomycetes.  Warcup (1971, 1981, 1988) emphasized the specificity of fungal species to 
taxonomic groups of Australian terrestrial orchids rather than a species to species specificity. 
Warcup (1981) concluded that S. vermifera was normally associated only with Caladenia s.l. 
and a few closely related genera e.g. Glossodia.  Tulasnella calospora (Bourdier) Juel. 
(=Rhizoctonia repens Bernard) was the most common species associated with Diuris., 
Thelymitra and a closely allied monotypic genus Orthoceras, and only rarely isolated from 
Caladenia s.l. 
 
Symbiotic testing with isolates of S. vermifera and five species of Tulasnella (Warcup, 1971) 
showed that only T. calospora stimulated germination and growth of protocorms in Diuris 
maculata.  Testing using Caladenia s.l. seed was less successful, with only one species of 
Caladenia out of 20 germinating in the presence of S. vermifera and no germination in the 
presence of any other fungal species.  Warcup (1971) suggested the use of “small and varying 
seedlots” might have been a factor in this disappointing result.  A decade later, Warcup (1981) 
again tested many isolates of S. vermifera against Caladenia s.l. seeds.  One isolate of S. 
vermifera from Arachnorchis dilatata produced protocorms with a green leaf in seven of the 
eight species tested (included species from Arachnorchis, Pheladenia, Petalochilus and 
Calonema).  He surmised that although S. vermifera was a relatively specific endophyte of 
Caladenia s.l., it was likely that only certain strains of this fungus were capable of 
germinating seeds, or else conditions in vitro prevented many strains from being effective.  Of 
the six strains of S. vermifera tested, four strains produced seedlings with a green leaf, but 
these strains varied in the number of orchid species that could be promoted to the green leaf 
stage. Of the 41 combinations of Caladenia s.l. seed with S. vermifera, 29 (71%) 
combinations did not produce a protocorm with a leaf. 
 
Warcup (1985) showed further evidence for specificity in Australian orchids using the 
achlorophyllous, subterranean orchid, Rhizanthella gardneri, and its endophyte.  This 
endophyte was later identified as a new species, Thanatephorus gardneri (Warcup, 1991) and 
was able to produce flowering plants of R. gardneri.  No germination was recorded for seeds 
from Prasophyllum regium or Microtis unifolia when tested with this fungus and this adds 
strength to the theory that certain fungi are associated with specific groups of orchids, e.g. 
Sebacina vermifera with Caladenia s.l. and Glossodia, and Ceratobasidium with Pterostylis 
and Thelymitra. 
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Masuhara and Katsuya (1994) studied the specificity of the Asiatic terrestrial orchid, 
Spiranthes sinensis.  Species of Rhizoctonia not normally associated with orchids, such as the 
binucleate TS267 AG-B isolated from soil, could produce high levels of germination (e.g. 
90% formed a protocorm with no shoot) in vitro but often gave poor subsequent growth of 
protocorms (Masuhara and Katsuya, 1994).  Good growth of protocorms could occur with 
some of these isolates, but only low levels of germination (e.g. 27%) were observed.  The 
findings in vitro were quite different from findings relating to in situ germination.  Fungi that 
germinated seed in the field were invariably Rhizoctonia repens, the same fungus isolated 
from adult plants.  The other species of Rhizoctonia that were able to germinate seeds in vitro 
were not isolated from seeds germinated in situ.  In this instance it appears that R. repens is 
the species of fungus intimately involved in germination of seeds of Spiranthes sinensis var. 
amoena as well as being a “compatible” fungus for strong growth of protocorms.  Ramsay 
and co-workers (1987) recorded similar observations using seeds and fungi originating from 
the Australian orchid Pterostylis vittata.   
 
Some seedlings were transferred to soil in 12 out of 31 papers (e.g. Malmgren, 1992; Luna-
Rosales et al., 2001; Jusaitis and Sorensen, 1993; Zettler et al., 1995, Stewart and Zettler, 
2002) reporting on germination using symbiotic methods (Table 1.3).  Most papers reported 
less than 5% of seedlings were deflasked, most seedlings failing to achieve sufficient growth 
in vitro.  Very few percentages were given to be able to compare results, suggesting that 
numbers of plants were so low as to be insufficient for reporting.   
 
Some outstanding successes have been reported, with Malmgren (1992) achieving up to 100% 
germination and 90% survival in soil for Cypripedium calceolus.  Luna-Rosales et al. (2001) 
reported 100% survival after one year in the glasshouse of seedlings of Bletia urbana, a 
terrestrial orchid from Mexico.  Jusaitis and Sorensen (1993) also demonstrated high levels of 
germination of an Australian terrestrial orchid (Pterostylis arenicola M. Clements and J. 
Stewart) and an 81% survival rate of seedlings 30 days after deflasking into soil.  By contrast, 
Zettler and co-workers (1995) illustrate the most common scenario.  They established only 
5.6% of originally sown embryos of Spiranthes odorata (Nuttall) Lindley, (a rare terrestrial 
orchid of the USA), in soil after 299 days.  In another instance, seed of the endangered 
terrestrial orchid Platanthera integrilabia was tested against 16 fungal isolates from five 
species of orchid.  Less than 3% of all inoculated seeds produced seedlings that successfully 
established in the greenhouse (Zettler and McInnis, 1992).  Interestingly, some of the  
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Table 1.3 Summary of results for terrestrial orchids from 31 papers selected at random.  
S=stage, d=days. 
 
Authors Species Germination 
rate (%) 
survival in 
soil (%) 
Time in soil 
Asymbiotic culture 
 
   
Malmgren (1992) Cypripedium flavum >95 90 4 months 
Ramsay and Stewart (1998) Cypripedium calceolus 10 >50 12 months 
Rubluo et al. (1989) Bletia urbana 21-100 15 12 months 
Frosch (1986) Cypripedium reginae not specified achieved but 
not specified 
2 years 
Gangaprasad et al. (1999) Ipsea malabarica 90 75-78 12 months 
DePauw and Remphrey (1993) Cypripedium species up to about 50 not specified  
Miyoshi and Mii (1998) Cypripedium macranthos 58-70 not specified  
 
 
   
Symbiotic culture 
 
   
Luna-Rosales et al. (2001) Bletia urbana 100? 100 12 months 
Stewart and Zettler (2002) Habenaria sp. 3-16 (>S3 68 d) 11.1-88.9 110 days 
Jusaitis and Sorensen (1993) Pterostylis arenicola not specified 81 30 days 
Zelmer and Currah (1997) Spiranthes lacera almost 100 1 plant >5 months 
Zettler and McInnis (1993) Spiranthes cernua 
Goodyera pubescens 
75-93 
19-56 
11.7 up to 500 days 
Zettler et al. (1995) Spiranthes odorata 67-97 5.6 at transfer 
Zettler and McInnis (1992) Platanthera integriloba 32-73 <3 overall 
19.7 best 
at transfer 
Zettler and Hofer (1998) Platanthera clavellata 16-82 0.1-0.3 at transfer 
Masuhara and Katsuya (1994) Spiranthes sinensis var. 
amoena 
4-91 achieved but 
not specified 
3 months 
Batty et al. (2001a) various Australian <8 not specified  
Chang and Chou (2001) Haemaria dicolor var. 
dawsonii 
5-37 achieved, 
not specified 
 
Clements et al. (1986) various not specified achieved, 
not specified 
 
Smreciu and Currah (1989) various not specified achieved, 
not specified 
 
Curtis (1943) various not specified not specified  
Markovina and McGee (2000) Sarcochilus fitzgeraldii  54 not specified  
Oddie et al. (1994) Elythranthera brunonis 
Diuris longifolia 
>35%  
>30% 
not specified  
Ramsay et al. (1986) various Australian species up to S4 not specified  
Ramsay et al., (1987) Pterostylis spp. >30 not specified  
Rasmussen (1992) Epipactis palustris >50 not secified  
Rasmussen et al. (1990a) Dactylorhiza majalis 40-75 not specified  
Tomita and Konno (1998) various Goodyera etc. up to 57 not specified  
Zettler et al. (2001) Platanthera leucophaea 63 not specified  
Zettler and McInnis (1994) Platanthera integrilabia 12-18 not specified  
Masuhara et al. (1988) Bletilla striata 94 not specified  
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seedlings to establish in soil had formed an association with a fungus extracted from unrelated 
orchids. 
 
For the purposes of propagating orchids from seeds, those fungi that form strong, compatible 
associations as true mycorrhizas, are the ones of interest.  The non-orchid rhizoctonias tested 
by Masuhara and Katsuya (1994), although able to promote a germination response, were 
unable to sustain protocorms.  This observation too, finds support in the work of Ramsay et 
al. (1987).  Fungi isolated from species of Pterostylis other than P. vittata could stimulate 
germination, but failed to promote strong growth of protocorms.  Tests to date have 
concentrated on germination of orchid seeds by different strains of fungi.  However, the 
usefulness of this information is compounded by two problems.   
 
• The first relates to the definition of germination used by researchers.  Swelling and the 
development of rhizoids can occur without fungi, and so, this is not a good indicator.  
Germination needs to be defined as the development to a Stage 3 protocorm [leaf 
primordium developed (Clements et al., 1986)].   
• The second problem relates to the specificity issue (linked to germination) being not really 
relevant in the long term for producing a stable mycorrhizal relationship that promotes 
healthy sustained growth.   
 
Those fungi capable of maintaining a relationship that promotes the growth of the orchid are 
the fungi that should be assayed, with germination and the development of a green leaf as 
only the first indicative step.  Fungi that are capable of germinating seeds and producing 
rapid, vigorous growth of protocorms are anticipated to assist in greater survival of seedlings 
ex vitro, especially when such fungi have been shown to occur naturally in adult orchids.  
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1.4.4 Identification of endophytic fungi 
The endophytic fungi associated with terrestrial orchids are generally placed in the form-
genus Rhizoctonia DC. (Roberts, 1999) until accurate identification can be determined using 
fruiting structures.  Rhizoctonia is characterised by relatively wide, coloured basal hyphae.  
The branch hyphae arise at an acute angle when young, but later are almost at right angles to 
the main axis.  Often the branch is constricted at the junction or at the septum, which is 
formed in the branch hyphae close to the point of branching (Warcup and Talbot, 1966).  
Mycelia placed in this group may or may not produce sclerotia (fruiting bodies).  It is only by 
inducing such sterile mycelia to fruit (achieving the perfect state) that identification of the 
fungus can be confirmed.   
 
Problems can be encountered with fungi in the Rhizoctonia group.  Several species can be 
isolated from an individual orchid plant and these can prove difficult to separate in culture 
using morphological characters (Andersen, 1990).  Cultures of a single organism can be 
obtained by culturing single spores, monilioid cells or hyphal tips from actively growing 
cultures or by diluting solutions of fragmented, live hyphae or monilioid cells to obtain 
individuals.  For hyphal tip culture, base cultures can be sub-cultured onto a nutrient-poor 
medium such as water agar and this causes the hyphae to spread out across the surface making 
individual hyphal tips easier to locate.  Single tips can then be viewed under a dissecting 
microscope, cut and removed to individual plates.  The resulting culture will be of a single 
taxon of fungus.  However, sometimes this method fails, with hyphal tips not regenerating 
(Warcup, 1988).  A dilution method can be more effective.  Hyphae are fragmented in a small 
volume of sterile water, diluted and then plated onto nutrient agar.  Individual fragments of 
hyphae will begin to grow and these can be replated onto individual plates. 
 
1.4.4.1 Traditional methods of identification 
Warcup (1971, 1973, 1975, 1981) and Warcup and Talbot (1967, 1971, 1980) dominated the 
literature in the field of identifying endophytic fungi associated with Australian terrestrial 
orchids.  Identification was achieved using traditional methods and relied on being able to 
induce the perfect state.  Many isolations of fungi from Caladenia s.l. and Arachnorchis 
plants were obtained.  The perfect state of the Rhizoctonia associated with Arachnorchis was 
identified as Sebacina vermifera Oberwinkler, a basidiomycete in the family Tremellaceae 
(Warcup and Talbot, 1967; Warcup, 1975).  Early germination experiments (Warcup, 1971) 
to confirm the specificity and mycorrhizal status of S. vermifera were largely unsuccessful.  
Warcup (1971) suggested “small and varying seed lots” might have contributed to the lack of 
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success.  It is also possible that this strain of S. vermifera, although consistently found as an 
endophyte of Arachnorchis, was not capable of germinating the seeds of those species of 
Arachnorchis.  Other factors, such as seed death during preparation of seeds for testing, might 
have masked the true activity of the fungus. 
 
Several methods have been used to induce the perfect state, the most common being soil-over-
agar (Stretton et al., 1964) and transfer of actively-growing mycelium from a rich to a 
nutritionally-poor medium (Murray, 1981).  The soil-over-agar technique has wide 
application, but cultures can become contaminated resulting in identification of fungi not 
associated with orchids.  The latter method has the advantage of maintaining sterile 
conditions.  Murray (1982) sought to optimise results of fruitification experiments of 
rhizoctonias by altering the concentrations of yeast, dextrose and potato extract in the initial 
rich medium.  He succeeded in obtaining the perfect state with 20 of 23 Rhizoctonia isolates 
using his optimised procedure, but none of these isolates were from Arachnorchis plants. 
 
A more recent study concentrating on Rhizoctonia isolated from Western Australian orchids 
(Ramsay et al., 1986) failed to induce fruiting structures on any of the fungi isolated.  This is 
not an unusual circumstance when working with this group of fungi.  Fungi were compared 
using morphological and cultural characteristics compiled from the earlier findings of Warcup 
(1971, 1973, 1975) and of Warcup and Talbot (1967, 1971, 1980).  These comparisons 
resulted in 6 groups of fungi with the fungi of Group 3 from Caladenia s.l. closely resembling 
Sebacina vermifera. 
 
A key to endophytic fungi from orchids has since been produced (Currah and Zelmer, 1992) 
using 15 genera of basidiomycetes.  Fungi normally associated with a range of Australian 
species such as Diuris longifolia, Thelymitra antennifera and Caladenia reticulata (Warcup 
and Talbot, 1967) were placed in the genus Epulorhiza (Moore, 1987).  This group of fungi is 
characterised by being binucleate and having imperforate parenthesomes with teleomorphs in 
Tulasnella or Sebacina.  Currah and Zelmer (1992) described colonies of Epulorhiza as being 
cream-colored and slow-growing with aerial hyphae < 4 µm in diameter.  Colonies usually 
appeared waxy or mucoid and were usually submerged in the medium.  The telomorph 
Sebacina vermifera was retained (Currah and Zelmer, 1992) as the only Sebacina confirmed 
as an orchid mycorrhiza (Warcup, 1971, 1981, 1988).  This taxon has now been separated as 
Serendipta vermifera P. Roberts (Roberts, 1993 and 1999). 
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1.4.4.2 Molecular methods of identification 
The most recent technique for assisting in the identification of sterile mycelia uses fungal 
DNA.  Genetic information is carried in large molecules of DNA comprised of two chain-like 
strands.  Most DNA is contained within the nucleus of a cell, but also in mitochondria and 
chloroplasts.  
 
DNA is made from four bases (or nucleotides), A – adenine, C – cytosine, G – guanine and T-
thymine.  Genetic variation occurs when the order of these nucleotides alters, usually by 
replication errors (mistakes introduced during the copying of a DNA molecule) or by damage 
caused by external sources, e.g. radiation.  The most common changes to the DNA molecule 
are point mutations when a single nucleotide is replaced by another, for example 
GATCATTC changes to GATTATTC.  Mutations also consist of small sections of DNA that 
are removed, added or duplicated.  The more closely related two individual organisms are, the 
more similar is their DNA.  Assessment of the similarities in DNA can be made at any level 
(e.g. genus, species, individual) and forms the DNA-based studies of phylogeny. 
 
Fungal DNA can be extracted from spores, cultured hyphal material, fresh material or dried 
voucher specimens (Rogers et al., 1989; Karp et al., 1998).  Orchid endophytes are typically 
cultured on agar medium (Warcup, 1981), but material for DNA studies is usually grown for a 
short period in liquid culture (Gardes et al., 1991a; Theodore et al., 1995).  Liquid culture 
helps to remove agar from the sample, as agar is known to have an inhibitory effect on 
subsequent procedures (Gibb and Wong, 1998). 
 
Studies using DNA have been greatly assisted by the development of Phosphorylation Chain 
Reaction (PCR) (Mullis and Faloona, 1987; Saiki et al., 1988).  PCR is a procedure that 
allows large quantities of short (300-1,000) or long (up to 40 kb) DNA segments to be 
generated artificially, making the original minute quantity of extracted DNA into an amount 
useful for analytical purposes.  The amplification process enables up to 1 million copies of a 
DNA segment to be produced from a single DNA molecule (Saiki, 1990).  Another important 
aspect of PCR is that very specific segments of DNA can be targeted and amplified, such as 
the internal transcribed spacer (ITS) region of ribosomal DNA (rDNA), which has been 
widely used taxonomically (White et al., 1990; Gardes and Bruns, 1993, 1996b; Aanen et al., 
2000, Taylor et al., 2003).   
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Several methods are available for determining the level of variation between DNA fragments 
in fungi.  The most common methods are DNA sequencing (Lane et al., 1985 cited in White 
et. al, 1990), DNA fingerprinting using microsatellites, analysis of randomly amplified 
polymorphic DNA (RAPDs) (Williams et al., 1990; Hadrys et al., 1992), analysis of 
restriction fragment length polymorphic DNA (RFLPs) (Taylor and Bruns, 1997; Redecker, 
2000, Taylor et al., 2003) and analysis of amplified fragment length polymorphism (AFLPs) 
(Qamaruz-Zaman et al., 1998; Purwantara et al., 2000).  Each method enables assessment of 
DNA at different levels of relatedness. 
 
DNA sequencing is the most sensitive method available, since it provides information on the 
order of the four nucleotides (A, C, T and G) within the DNA fragment.  This method allows 
the exact nature and location of mutations to be discovered.  Only very small regions of DNA 
are targeted using PCR and constitute a tiny portion of an organism’s total DNA.  Studies 
using this method previously concentrated on mitochondrial DNA since mutations 
accumulated rapidly (Brown et al., 1979). Mitochondrial DNA is still investigated (Bruns and 
Palmer, 1989; Bruns and Gardes, 1993), but during the last decade, nuclear ribosomal DNA 
from the internal transcribed spacer (ITS) regions has been more commonly used (Aanen et 
al., 2000; Otero et al., 2002).  Mutations accumulate within these regions, making them useful 
for comparisons between samples.  Specific sequence information from unidentified 
organisms can be related back to a database of DNA sequences.  The sequence from the 
unknown organism is compared to the sequences from identified organisms.  Sequences of 
greater than 99% similarity are usually considered to be the same species of organism.  DNA 
sequencing is therefore useful for determining the level of variation within and among 
populations and species. 
 
DNA fingerprinting, targeting regions of repeated DNA, is another method of studying the 
level of variation in DNA and is able to generate a unique profile for an individual within a 
population (Burke and Bruford, 1987; Ellegren, 1992).  The regions of DNA used are highly 
variable and occur irregularly throughout the genome (Hamada et al., 1984).  DNA is 
fragmented using restriction enzymes – biologically active proteins that cut the DNA at 
specific sequences (Williams et al., 1990; Gardes and Bruns, 1996b).  The fragments can then 
be visualized using radioactive minisatelite probes.  The same probes can be used on a range 
of organisms.  Large quantities of DNA were required prior to the development of PCR and 
its application to orchid mycorrhizal fungi was limited.  However, PCR can be used to 
amplify fragments of DNA containing microsatellite repeats (Ellegren, 1992) and when a 
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range of microsatellites is amplified and the information combined, a unique profile can be 
built up.  Unfortunately, PCR-amplified microsatellite fingerprints tend to be very species-
specific and microsatellite screening methods must be developed for every organism studied 
(Ellegren, 1992). 
 
A simpler method of studying the genetic variation of individuals within a species uses RAPD 
PCR.  Random fragments of DNA from throughout the genome are amplified and variation is 
based solely on differences in the number and size of fragments obtained (Williams et al., 
1990; Hadrys et al., 1992).  No knowledge of the genome is required, primers are small and 
information for comparison is gained quickly.  Analysis of DNA using RAPDs is useful for 
comparing different strains, provenances or progeny (Palacios and Gonzalez-Candelas, 1997; 
Jenczewski et al., 1999).  It is more appropriate to use targeted PCR amplification or DNA 
sequencing to study between-species variation. 
 
The molecular investigation of fungi from orchids is further reviewed in Chapter 6.  
Identification of fungi using molecular methods is limited by the extent of entries in the 
corresponding DNA databases.  Unfortunately, molecular studies of the endophytic fungi 
from orchids are uncommon, although several laboratories are now working in this field 
(Andersen, 1996; Kristiansen et al., 2001; Huynh et al., 2004).  In spite of this limitation, the 
similarities of the tested isolate to those already in the database gives an indication of 
phylogenetic drift from a putative common ancestor and has been used taxonomically (see 
review by Taylor et al., 2000).  
  52 
1.5 IN VITRO PROPAGATION 
 
Unlike rare plants from other families that can be propagated successfully using seeds, 
cuttings or tissue culture (e.g. Bunn and Dixon, 1992abc), rare terrestrial orchids are generally 
limited to propagation from seeds.  Seeds are usually the most abundant source of starting 
material for propagation and provide a variable genetic base for conservation purposes.  
Tissue culture of some terrestrial orchids has been achieved using tubers (Vij et al., 1983) and 
immature flower buds (Collins and Dixon, 1992), but in the case of Arachnorchis, only a 
single tuber and bud per plant is normally produced and so, this use competes with survival 
and seed production.  Collins and Dixon (1992) did not indicate the number of individual 
plants of Diuris required to obtain the 1005 plant sections used in the experiment, but only 15 
sections survived initiation. 
 
Arachnorchis seeds can be germinated asymbiotically (without fungus) if the correct nutrient 
medium is used.  However, germination of orchid seeds in the presence of a compatible 
fungus is generally more successful and rapid (Tomita and Tsutsui, 1988).  Reliable 
germination in Arachnorchis is relatively unknown.  The majority of seeds can remain 
inactive for many months, often indefinitely (Warcup, 1981), even in the presence of an 
endophytic fungus isolated from the parent plant.  Germination is often sporadic with very 
low germination percentages.  Germination in some species of terrestrial orchid that are 
difficult to propagate (e.g. Cypripedium reginae Walt.) is thought to vary from capsule to 
capsule, place to place, and season to season (Harvais, 1982).  Frosch (1986) has the only 
recorded success in raising C. reginae to flowering-sized plants.  Various workers (Curtis, 
1943; Withner, 1953; Stoutamire, 1974; Ballard, 1987) have implied that dormancy may exist 
in certain species of orchid.  Dormancy of seeds has only been partially investigated for 
Arachnorchis (Batty et al., 2000, Batty et al., 2001a).  
 
Light and temperature during or prior to germination have been raised as areas requiring 
investigation.  There is disagreement as to whether or not light (Harvais, 1973; Reyburn, 
1978; Rasmussen, 1990b; Rasmussen et al. 1990b; Zettler and McInnis, 1994) and/or 
temperature (Rasmussen et al. 1990a; De Pauw and Remphrey, 1993; Chu and Mudge, 1994; 
Miyoshi and Mii, 1998, Zettler et al., 2001) affects development of protocorms.  Early 
exposure to light (e.g. 16 h, 7 days), followed by darkness, appeared to stimulate germination 
in the endangered terrestrial orchid Platanthera integrilabia (Zettler and McInnis, 1994) and 
in Dactylorhiza majalis (Rasmussen et al., 1990b).  Early exposure to light was a method of 
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overcoming the dormant seed fraction (Rasmussen et al., 1990b) resulting in enhanced levels 
of germination.  Many Australian species are adapted to fire and plant derived smoke has 
been able to stimulate germination of dormant seeds (Tieu et al., 1999).  It is possible that 
seeds of Australian orchids might also benefit from the application of smoke or smoke water 
products. 
 
1.5.1 Surface-sterilisation of seeds 
Seeds are sterile if the capsule is intact, therefore the use of green capsules avoids the need to 
surface-sterilise seeds and thus avoids damaging the embryo during sowing.  The use of green 
capsules (40-45 days post-pollination) resulted in 90% germination (to green leaf stage) of the 
endangered terrestrial Malabar Daffodil Orchid, Ipsea malabarica (Rchb. f.) Hook. f., using 
asymbiotic culture (Gangaprasad et al., 1999).  Care must be taken to ensure capsules have 
reached an appropriate level of maturity prior to harvest.  The time required is dependent on 
species and on prevailing weather conditions, hot weather speeding up the maturation of 
capsules.  Green capsules (50-60 days post-pollination) were the preferred source of seed for 
the Kew Botanic Gardens working with the Lady’s Slipper Orchid, Cypripedium calceolus L. 
(Ramsay and Stewart, 1998).  Two disadvantages of this technique are the need to obtain 
capsules at an appropriate level of maturity and that capsules must be used quickly to prevent 
splitting or decay.  Capsules collected too soon will not contain many viable seeds and 
capsules collected too close to maturity may already contain seeds with developed dormancy 
mechanisms in place. 
 
More commonly, orchid seed is collected from mature capsules and stored until it can be 
sown.  Loss of seed in the field can be minimised by “bagging” seed capsules prior to 
maturity.  Mature seed from dehisced capsules must be surface-sterilised to remove fungal 
spores and other micro-organisms present on the surface of the seed.  Often the 
decontaminating solution is sodium hypochlorite (NaOCl), but different species of orchids 
exhibit differing sensitivity to the hypochlorite solution.  Clements and Ellyard (1979) found a 
1% solution for 2-5 min was sufficient for a range of Australian terrestrial orchids.  Some 
species of European terrestrial orchids require prolonged periods in decontaminating solutions 
(Harvais and Hadley, 1967b), whereas others are very sensitive (Malmgren, 1992).  Calcium 
hypochlorite (Ca(OCl)2) has been used extensively (Wilson, 1915; Knudson, 1922; Castle and 
Nickell, 1942) and is a better alternative to use with sensitive species.  This decontaminant is 
effective at 0.5% concentration and is less detrimental to the embryo than sodium 
hypochlorite (Sweet and Bolton, 1979).  The large divalent calcium ion is absorbed into the 
  54 
cells of the embryo at a much slower rate than the smaller monovalent sodium ion.  
Consequently, less damage is caused to the embryo by the slower accumulation of the larger 
ion within its tissue.  It is important to test different decontaminating solutions, concentrations 
and sterilising times for each species of orchid under observation (Bergman, 1996).  Castle 
and Nickell (1942) recommended using a wetting agent prior to surface-sterilising in calcium 
hypochlorite, since a more rapid and uniform effect was achieved. 
 
Testing the viability of seeds after surface-sterilisation helps to determine the expected level 
of germination in the presence of a suitable fungus.  If the concentration of surface sterilant is 
too great, or the period too long, embryo death occurs and seeds fail to germinate, although 
the seeds appear healthy.  In the absence of a viability test, researchers might believe a 
dormancy mechanism is operating or that the fungus used to instigate germination is 
incompatible. 
 
 
1.5.2 Asymbiotic germination and media 
Orchids can be germinated in the absence of a compatible fungus (asymbiotically), providing 
certain components are included in the nutrient medium (Downie, 1940; Western, 2001).  A 
number of organisms can also produce growth factors or liberate sufficient sugars from starch 
(Knudson, 1922) to allow orchid seeds to germinate without an intimate association being 
formed with a fungus.  Seeds are germinated in either a liquid medium or on the surface of 
solid medium (Western, 2001).  Protocorms are allowed to develop to a size where they are 
large enough to be handled.  Nutrients become depleted during this time, and toxins, for 
example ethylene, can build up in the flasks.  Large protocorms are replated onto fresh media 
and, depending on the species, generally remain in the flasks until roots or tubers form. 
 
Knudson (1922) was the first to germinate orchid seeds asymbiotically and investigate the 
composition of media required to germinate the seeds successfully (for review see Arditti, 
1967).  Many media recipes used today are modifications of those Knudson devised.  All 
media mentioned in this review are listed in Appendix A and a comprehensive range of media 
recipes can be found in Rasmussen (1995) and Hicks (2000).  Castle and Nickell (1942) 
preferred a modified Knudson’s medium formula B, adding trace elements, 2% dextrose and 
1.75% agar.  They found this superior to many media reported in the literature at the time.  
Early recipes for media were only weakly buffered, suffered large changes in pH after 
autoclaving and often precipitated elements such as iron from the solution (Vacin and Went, 
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1949a).  The replacement of inorganic iron salts with organic sources and buffering of the 
solutions with amino acids was found to help overcome these early problems.  In general, iron 
is now added to media after chelation with EDTA, but deficiencies can still arise (Hicks, 
2000).  The mineral requirements of developing orchid seeds and developing young seedlings 
can be considered little different from those of most other flowering plants (Arditti, 1967).  
Differences are more pronounced when sources of nitrogen and sugars are investigated.   
 
Downie (1940) found that embryo growth of Goodyera repens Br. occurred only when media 
containing sugar (dextrose) was used.  In general, fructose is now considered the most 
appropriate sugar for orchid growth and is produced along with glucose when sucrose is 
autoclaved.  Downie (1940) found that the best growth of G. repens protocorms was observed 
when potato extract was included in the medium.  Often growth is improved when media 
contain complex, ill-defined components such as potato extract, coconut milk, fruit juices or 
banana extract (Arditti, 1967; Kusumoto and Furukawa, 1977; Kusumoto, 1980; Hicks, 2000; 
Islam et al., 2000).  Coconut milk has been shown to contain heat-stable auxins and 
cytokinins as well as gibberellin-like compounds that are destroyed upon heating (Dix and 
Van Staden, 1982).  The addition of coconut milk to Knudson’s C medium dramatically 
improved the growth of protocorms initially germinated on Knudson’s C media (Veitch and 
McIntyre, 1973).  Protocorms of Pterostylis and Microtis species, both Australian, produced 
tubers readily on this medium.  Malt extracts were shown to contain similar substances.  Lam 
et al. (1991) found that the hormones in coconut milk were just as effective, but less 
mutagenic, than the commercial hormones normally used in the proliferation of protocorm-
like bodies.  The use of 15% coconut milk in Knudson’s C media was more effective at 
promoting growth of a range of Australian terrestrial orchids (Veitch and McIntyre, 1973), 
than was Knudson’s C media alone.  
 
Vacin and Went (1949b) found that the addition of tomato juice resulted in better buffering of 
media and in larger, undifferentiated protocorms that soon differentiated into sturdy seedlings 
after deflasking.  However, some genera (e.g. Cattleya) perish or develop abnormally on 
media containing tomato juice (Hicks, 2000).  Activated charcoal is thought to absorb 
ethylene, phenolics and other compounds from the medium, preventing toxicity to the 
seedlings (Klein and Bopp, 1971; Arditti and Ernst, 1993, cited in Hicks, 2000) thus, the 
addition of vegetable charcoal to various media increased shoot and root development of 
Paphiopedilum seedlings (Ernst, 1974, 1975).  Care must be exercised when using activated 
charcoal because it can remove large amounts of some hormones from the medium (Yam et 
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al., 1990).  Banana homogenate can also enhance growth of protocorms (Ernst, 1974), but 
inhibits germination in some species of orchid (Western, 2001). 
 
After germination, the subsequent growth of protocorms can require particular combinations 
of vitamins and nitrogen (Harvais, 1973; Mead and Bulard, 1975, 1979).  Mead and Bulard 
(1975) used strictly defined media to determine the growth requirements of two terrestrial 
orchids, Orchis laxiflora and Ophrys spheodes.  The addition of sucrose, organic nitrogen and 
vitamins to a basic mineral medium were sufficient to achieve good development.  Inorganic 
nitrogen was unable to ensure a long development of Orchis laxiflora unless used in 
combination with an organic nitrogen source (Mead and Bullard, 1979).  Thiamine also 
appeared necessary for the successful development of Orchis laxiflora.  High mortality was 
observed when seedlings were transferred onto new media, but those that survived often 
exhibited improved growth.  Mortality was greatly reduced when thiamine was added to 
media at every stage (Mead and Bullard, 1979).  Tubers were formed in culture and some of 
these were planted in soil to produce a third generation (Mead and Bullard, 1979).   
 
Amino acids and inorganic salts can have marked effects on protocorm differentiation (Mitra 
et al., 1976).  Malmgren (1992) strongly advocated the use of amino acids as the nitrogen 
source, in combination with kinetin and vitamins.  Kinetin, indole-3-acetic acid (IAA), 
naphthalene acetic acid (NAA) or gibberellic acid promoted the proliferation of protocorm-
like bodies in the Indian terrestrial orchid, Pachystoma senile (Vij et al., 1983).   
 
Different brands and concentrations of agar can influence plant growth (Romberger and 
Tabor, 1971) and this effect is attributed to impurities to the medium that significantly alter 
the concentrations of elements required for growth (Debergh, 1983). The growth of 
Cymbidium protocorms was significantly depressed when the concentration of agar in media 
was above 1.2% (Kusumoto, 1980).  This was attributed to reduced absorption of water and 
nutrients from harder agar.  The use of liquid media can overcome some of the problems 
associated with agar because the absorption of nutrients occurs more readily and waste 
products are dispersed away from the orchid more quickly than in agar.  Ipesea malabarica 
was successfully germinated asymbiotically from immature seeds grown on Mitra et al. 
(1976) liquid nutrient medium supplemented with 0.05% (w/v) casein acid hydrolysate 
(Gangaprasad et al., 1999). 
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Many orchid media are now available as commercial preparations that require few additives 
(e.g. from Sigma).  They are usually composed of a mixture of all of the macroelements and 
some of the trace elements required for plant growth (sucrose, amino acids, vitamins, charcoal 
and some other additives).  Growers often start with a basic medium and add other 
components, such as coconut milk or fruit juices, to optimise the medium for the species of 
interest.  Recipes for germination media often differ from those for replating media, as 
seedlings have different requirements to germinating seeds (Hicks, 2000).  There is no 
“magic” medium that will produce excellent results for all species of orchid and so some 
modification of recipes is to be expected. 
 
 
1.5.3 Symbiotic germination 
“Symbiotic germination” is the term used to describe the germination of orchid seeds in the 
presence of a mycorrhizal fungus.  Generally the germination and development of orchid 
embryos is more rapid in the presence of a compatible fungus than when they are grown 
asymbiotically or with incompatible fungi (Downie, 1940; Alexander and Hadley, 1984; 
Dixon, 1989; Tomita and Konno, 1998).  The fungus is thought to enhance nutrient uptake by 
the orchid, allowing greater growth rates (Alexander and Hadley, 1984). 
 
Surface-sterilised seed is sown either directly onto an agar medium (Dixon, 1989) or onto a 
raft (Warcup, 1973, 1975; Clements et al., 1986) that is placed on the surface of an agar 
medium (Clements and Ellyard, 1979; Warcup, 1981; Clements et al., 1986).  A raft is a piece 
of sterile material, often filter paper or woven cloth, for example Miracloth®, used to facilitate 
sowing. Some types of agar, combined with concentration of agar in the medium, have an 
inhibitory effect on germinating seeds (Debergh, 1983).  The raft acts as a barrier between the 
agar and the seed, often improving germination (Warcup, 1975).  Rafts made from filter 
paper, or other absorbent materials, absorb water from the underlying medium and assist in 
keeping seed imbibed.  Surface-sterilised seed is washed several times in sterile deionised 
water, using a vacuum system, and sterile pieces of filter paper to trap seeds (Clements et al., 
1986).  After the final rinse, a new raft is placed over the vacuum and a small quantity of 
seeds suspended in sterile deionised water is dripped onto it (Clements et al., 1986).  This raft 
is removed using sterile tweezers and placed onto an agar medium in a Petri dish.  Other 
studies simply use a sterile wire loop to smear seeds onto the raft (Ramsay et al., 1986, 
Wilkinson et al., 1989) or directly onto the agar surface (Downie, 1940).   
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Germination is generally described as a six-stage process (Fig. 1.6, Clements et al., 1986).  
Care must be taken when examining the work of previous researchers since “germination”, in 
the symbiotic context, is not often defined.  When germination has been defined, it is often 
taken as simply the splitting of the testa (Stage 1) (e.g. Mitchell, 1988) and/or emergence of 
rhizoids (Stage 2) (e.g. Rasmussen et al., 1990b).  However, both stages can fail to progress to 
protocorms with a green leaf and care must be taken when interpreting the results of various 
experiments.  A better description of germination in orchid seeds makes full use of the six 
stages of development, providing percentages for each category.  Seeds swell up to four times 
their original size before the first rhizoids begin to develop.  Rhizoids anchor the seed to the 
substrate and act as passage cells to permit hyphae to enter or exit the protocorm (Clements, 
1988).   
 
Arachnorchis species have seldom been germinated through all six categories to the green leaf 
and dropper development stage (Stage 5 of Clements et al., 1986).  Ramsay and co-workers 
(1986) tested 126 isolates of fungi obtained from 42 taxa of Arachnorchis against the seeds of 
those orchids.  After 30 weeks, 73 combinations (58%) failed to produce any protocorms with 
a green leaf.  A further 42 combinations (33%) produced less than 2% of protocorms with a 
green leaf and 10 combinations produced 2-10% of protocorms with a green leaf.  In only a 
single instance, using an undescribed species of Arachnorchis (sp. 275), was the production of 
protocorms with a green leaf rated as abundant (>30%).  Another study by Milligan and 
Williams (1988) included seeds from two species of Arachnorchis.  No Arachnorchis seed 
germinated in symbiotic trials.  These and other studies (e.g. Warcup, 1971, 1981) illustrate 
the recalcitrant nature of the Arachnorchis genus to propagation, with only one case from 126 
attempts (0.01%) (Ramsay et al., 1986) giving a result that could be considered successful.  
Unfortunately the viability of the seed samples used in the experiments was not reported, and 
so it is not known if the lack of germination was due to poor seed viability, high dormancy or 
lack of appropriate fungi.  
 
Few other researchers have included Arachnorchis in their studies on Australian terrestrial 
orchids, but the best result reported by Clements (1988) for Caladenia menziesii (now 
Leptoceras menziesii (R. Br.) Lindl.) was that of protocorms twice their original size after 30 
days.  Two recent Honours projects (Marven, 1996; Lucas, 1997) examined Arachnorchis 
tentaculata and A. lindleyana, but again germination results were poor, generally less than 
10%.  Similar percentages were recorded for germination by Batty et al. (2001a).   
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Such difficulties need to be overcome for ex situ conservation of the Arachnorchis genus to 
become a reality. 
 
There are several possible explanations for such low success with germinating Arachnorchis 
seeds.  One explanation is that the viability of the seed sample may have been low.  Zettler 
and McInnis (1992), using Platanthera integrilabia, found that seeds collected from large 
populations had significantly greater germination rates than seeds collected from small, 
isolated populations.  They recommended that seeds should be collected as a bulk sample 
from large populations of orchids to help ensure high germination rates.  This may be because 
the genetic diversity and health of the seeds is better (Nei et al., 1975).  Inappropriate surface-
sterilising of seeds may also have reduced viability to an unacceptable level.  In the study by 
Ramsay et al. (1986), 0.5% sodium hypochlorite was used for 1-2 minutes to surface-sterilise 
seeds.  The viability of seeds after such treatment would not be expected to have decreased 
significantly.  However, 1% sodium hypochlorite was used by Marven (1996), Lucas (1997) 
and Batty et al. (2001a) for 8-10 minutes and this may have been too severe and have limited 
maximal germination.  Several other factors, e.g. nutrient sources and temperature, may be 
operating when the viability of seeds is not at issue. 
 
Some of these difficulties in germinating seed may relate to the carbon source provided to the 
fungus, since the carbon source can alter the development of protocorms.  Cellulose is a much 
better carbon source for symbiotic germination than glucose, dextrose or other soluble sugars 
(Hadley, 1969; Purves and Hadley, 1975).  The tendency of certain fungi to parasitise 
protocorms depend on the substrate.  Tsutsui and Tomita (1990) obtained variable results 
using different carbon sources.  In general, the growth of seedlings was better with cellulose 
and inulin than with mono- and disaccharides, but results varied for different orchid species.  
The authors concluded that soluble sugars were probably depleted too quickly from the media 
by the fungi to achieve good growth of protocorms.  Using symbiotic culture, Downie (1940) 
discovered that 1% dextrose as the carbon source gave the best growth in Goodyera repens 
seedlings when grown on Pfeffer’s solution.  The addition of 2% dextrose to Pfeffer’s solution 
was also good but fewer shoots were produced.  When potato extract was added to the 
medium the fungus grew too vigorously and smothered the developing seedlings.  Downie 
(1940) did not test other sources of carbon. 
 
There are many other factors that may be important to achieving a compatible interaction.  
There may also be other requirements by some mycorrhizal fungi, especially vitamins and 
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nitrogen (Hadley and Ong, 1978).  The mycorrhizal fungus may be difficult to maintain in 
culture (Zelmer and Currah, 1997) and it may become incapable of germinating seeds after a 
period of storage (Zelmer and Currah, 1997).  Endophytic fungi from Caladenia s.l. are 
generally slow-growing (Warcup, 1971) and other fungi may be isolated as well, simply 
because of their faster growth rate.  Unless a compatible mycorrhizal fungus is used, seeds 
will be parasitised regardless of other factors. 
 
Seedlings of terrestrial orchids can be deflasked once they have developed a green leaf and 
can be handled easily (sect. 1.5.4). Alternatively, they can be grown on in fresh media or until 
a tuber is formed.  Formation of the tuber in Australian temperate terrestrial orchids has been 
associated with low temperatures (Salisbury and Ross, 1985) or a change in substrate (K. 
Dixon, KPBG pers. comm. 2000), but Arachnorchis seedlings do not readily produce tubers 
in agar. 
 
 
1.5.4 “De-flasking” seedlings 
De-flasking of seedlings is the process of moving seedlings from a high humidity, low light 
intensity, sterile environment to one approaching more normal conditions in the field or 
glasshouse.  It is at this stage that massive loss of plants can occur (George, 1993).  There are 
two main reasons: 
 
- Shoots and leaves developed in culture produce less epicuticular wax than plants 
grown under “normal” levels of light and humidity (Sutter and Langhans, 1979).  
Some plants produced in vitro have leaves with stomata incapable of fully closing 
under conditions of low humidity (Santamaria and Kerstiens, 1994).  When moved 
to external conditions and lower humidity, tissue-cultured plants suffer a rapid loss 
of water (Sutter and Langhans, 1979). 
 
- Micropropagated plantlets are not fully dependent on photosynthesis when 
artificially supplied with carbohydrate, for example, sucrose, under conditions of 
low light (George, 1993).  An extra stimulus seems to be required to create 
plantlets fully capable of surviving by photosynthesis alone and this only occurs 
after the plants have spent several days ex vitro. 
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Techniques to combat water loss include a period of reduced humidity in vitro to induce 
reduced stomatal apertures (Wardle et al., 1983) and fog-tents to keep the humidity high 
during the initial period of de-flasking (Shackel et al., 1990).  Covering pots containing 
seedlings with plastic bags or film also keeps the humidity high (Thomas and Thomas, 1992) 
and holes can be added every few days to lower the humidity gradually (M. Thomas, 
Australasian Native Orchid Society, pers. comm.). 
 
Growing orchids asymbiotically is the most common method of propagation, but difficulties 
are often encountered at the deflasking stage (Clements et al., 1986) and successful deflasking 
of Arachnorchis plants from agar is typically very low at around 1% (M. Thomas, 
Australasian Native Orchid Society, pers. comm.).  Plants grown in agar media must be 
washed free of agar before planting in soil. The agar often contains sugars that promote the 
growth of pathogens and residual hormones that might adversely affect the deflasked plants 
(Will and Vivian-Smith, 1988).  Excellent results were obtained for epiphytic orchids after 
deflasking into perlite (Thomas and Thomas, 1992) or rockwool (Thomas, 1989).  For 
terrestrial orchids, success at establishing seedlings was sometimes greater by planting 
asymbiotically grown seedlings next to adult plants of the same species already growing in 
pot culture (M. Thomas, Australasian Native Orchid Society, pers. comm.).  Success was 
enhanced using this method if the seedlings are not permitted to dry out and the pot was kept 
in fairly humid conditions, protected from direct sunlight and excessive air movement.  
Asymbiotic seedlings of Paphiopedilum rothschildianum were grown with the Paphiopedilum 
collection in the hope that they would acquire the appropriate mycorrhizal fungi (probably as 
spores) from other plants (Grell et al., 1998).  It was thought that the fungus associated with 
the adult plants would form a relationship with the newly introduced seedling. 
 
Bohm (1991) successfully germinated Diuris emarginata using asymbiotic culture with two 
media, but when transferred to fine grade “meranti” wood fibres only the largest seedlings 
grew.  The seedlings died in all other substrates and even those in meranti fibre showed the 
characteristic loss of vigour during the second season that is often observed when asymbiotic 
plants are transferred to soil (Kowald, 1970; Bohm, 1991).  The study by Mead and Bulard 
(1975), using Orchis laxiflora and Ophrys sphegodes, was not of sufficient length to show the 
loss of vigour, but after an initial high mortality, some plants survived to produce further 
plantlets.  By contrast, asymbiotically grown plants of Cypripedium calceolus were potted 
into a forest-based compost mix, with plants increasing in size (Malmgren, 1992).  
Asymbiotically grown plants of Cypripedium reginae flowered after 3 years from seed (Frosh, 
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1986).  Asymbiotic seedlings of Ipsea malabarica were reintroduced in India during the 
monsoon season (Gangaprasad et al., 1999) and the results of this experiment 2 years after 
reintroduction looked promising, with only a small decline in percentage establishment noted 
after each monsoonal season.  However, it will only be in later years that the true success of 
these re-introductions is established.   
 
Some orchids persist in pot culture only if much attention is paid to potting mix (White, 
1990), drainage and additives such as fertilizer.  Kowald (1970) deflasked Australian 
terrestrial orchids into Sphagnum moss and emphasized the use of fungicides, “working yeast 
solutions” and Casuarina needles as mulch.  Fertilizing with “Aquasol” or liquid fowl manure 
was important, but he noted the gradual demise of orchids when planted in the ground.  By 
contrast, Nesbitt and Nesbitt (1984) warned that some species of terrestrial orchid, for 
example Thelymitra, were easily burnt or killed using fertilisers.  Kowald (1972) promoted 
the feeding of plants with “working yeast” solutions to assist in maintaining the vigour of 
adult plants in potted culture.  These solutions contain B group vitamins (Cameron et al., 
1984) and may have supplemented the nutrition of the orchids directly, without the assistance 
of a true mycorrhizal fungus.  It is also possible that mycorrhizal fungi were present in the soil 
and had a requirement for a B group vitamin that was fulfilled by these yeast solutions, 
thereby enhancing the fungi’s ability to promote growth in the orchid.  The Sunshine Diuris 
(Diuris fragrantissima) appears well-suited to potted culture, growing well in commercially 
available potting mixes with added fertiliser (Knight, 2002).  However, this species has not 
persisted in open ground (Richards, 2002).  Overall, it appears that asymbiotic seedlings of 
Australian terrestrial orchids do not persist in the natural environment (Bohm, 1991; Cropper, 
1993).  For re-introduction purposes, the addition of artificial additives, such as fertilizers, to 
the natural environment is inappropriate as a management tool.  To avoid this necessity, 
symbiotic fungi must be introduced into asymbiotic seedlings, or seed must be originally 
germinated using symbiotic methods, before any re-introductions. 
 
Beardmore and Pegg (1981) attempted to infect asymbiotic material from Dactylorhiza 
purpurella with appropriate mycorrhizal fungi, rather than persevering with asymbiotic 
material.  They succeeded in producing normal, differentiated, mycorrhizal orchid plantlets 
using a double-culture technique.  The technique involved having the fungus grow from 
Pfeffer agar with 2% cellulose across a zone of 0.4% water agar to reach the uninfected orchid 
tissue.  Parasitism of the orchid tissue occurred if the orchid tissue was growing on nutrient 
agar other than low-nutrient water agar.  A pathogenic reaction also occurred if the 
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temperature was too high.  If such a method could be perfected, without parasitism of the 
orchid tissue by the fungus, then this could result in greater success using asymbiotic material.  
 
Symbiotic culture is often favoured in order to reduce propagation time (Downie, 1940). The 
fungus, if effective, is intimately involved in the health and fitness of the orchid protocorm 
and greater success during de-flasking would be anticipated.  However, seedlings grown in 
agar still require removal of agar before deflasking into soil.  Biodegradable substrates based 
on cellulose, for example Florialite or Sorarod, have produced excellent growth of in vitro 
Sweet Potato cuttings (Afreen-Zobayed et al., 1999) and might be useful as a substrate for 
symbiotic orchid culture.  The mycorrhizal fungus would decompose the cellulose in the 
substrate and the need to wash seedlings prior to deflasking would be eliminated.   
 
Apart from a suitable substrate that supports orchid and fungus growth, the correct fungus 
must be used.  Jorgensen (1995) germinated seeds of Dactylorhiza majalis using six fungal 
isolates.  Five isolates produced seedlings with shoots; however, doubt was expressed as to 
the likelihood of these seedlings (having long, thin protocorm bodies) surviving in soil 
culture, due to lower nutrient reserves and therefore less resistance to suboptimal conditions 
for growth.  Browning of protocorms was also suspected to have a negative influence on 
survival in soil culture.  It is likely that these isolates were not truly compatible symbionts 
with D. majalis and were slowly parasitising the orchid seedlings. 
 
In a study by Zettler and McInnis (1992), the only seedlings to establish in soil of Platanthera 
integrilabia were those inoculated with mycorrhizal fungi, not only from adult P. integrilabia 
plants, but also from two other orchid species.  Of the 213 seedlings, 98 were established in 
soil.  The soil was obtained from the site where P. integrilabia occurred naturally and was 
then pasteurized and inoculated with macerated hyphae.  The soil with fungus was incubated 
for seven days prior to the addition of moistened filter paper circles.  Seedlings were 
transferred to these circles and kept misted during the day.  Although seedling establishment 
was less than 10% in 22 of the 23 treatments, one treatment using a fungus isolated from P. 
integrilabia resulted in the establishment on soil of 19.7% of all sown seeds.  Although 
endophytes from related orchids did achieve successful establishment of seedlings on soil, it 
was more effective to use an endophyte from the same species of orchid as the seeds.  
However, in the case of extremely rare orchids, it is encouraging to know that some success 
can be achieved using endophytes from more common, but related orchids.  
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1.6 RESTORATION OF EXISTING ORCHID POPULATIONS 
 
1.6.1 Selection of propagules 
Restoration of threatened plant populations is usually achieved using carefully nurtured, 
individually potted plants originating from either seeds or vegetative cuttings.  Material used 
for propagating the plants, particularly seeds, is generally scarce and because of this, direct-
seeding at the reintroduction site is generally ruled out.  However, the technique of 
encapsulation (Tan et al., 1998) combining both seed and compatible fungi in an alginate 
bead (Wood et al., 2000), might have useful application to direct-seeding when ample seed is 
available.  Viability of seeds of Dactylorhiza fuchsii and a compatible fungus Ceratobasidium 
cornigerum stored for 30 days at -196oC remained unchanged (Wood et al., 2000).  At present 
this technique is still in the experimental phase and has greater application for long-term 
storage.  Propagation of rare orchids is usually limited to using seeds.  Fortunately, a single 
capsule from an orchid such as Arachnorchis can contain 30,000 seeds (Batty et al., 2001b) 
and is highly prized as a result.  Propagules resulting from cross-pollinated seeds are the most 
appropriate to use to restore endangered orchid populations to more viable levels because 
genetic diversity must be maintained in the population and using clonal material does not 
achieve this (Ronse, 1989). 
 
As the scarcity of seed increases, the use of in vitro techniques becomes increasingly 
important in restoring a population because it maximises the number of plants that can be 
generated from a finite quantity of seed.  Other techniques result in unacceptable levels of 
seed loss prior to seedling development (Batty et al., 2001b).  There are few reports of 
reintroducing orchids to natural habitat, but most have used seedlings germinated by 
asymbiotic methods.  The terrestrial orchids Ipsea malabarica (Gangaprasad et al., 1999), 
Cypripedium calceolus (Ramsay and Stewart, 1998) and Paphiopedilum rothschildianum, a 
lithophyte, (Grell et al., 1988) have all been reintroduced into natural habitat as asymbiotic 
seedlings.  One reported case of using symbiotic seedlings was with the Australian critically 
endangered Diuris fragrantissima (Sunshine Diuris) (Cropper, 1993).  Unfortunately, the 
inability to control threats at the site resulted in the loss of all except one plant.  Although 
plants of Diuris fragrantissima appear well suited to cultivation (Knight, 2002), re-
introductions to the wild seem to be unsuccessful (Richards, 2002). 
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More research is required to refine the aftercare of seedlings to prevent the high levels of 
mortality involved with re-introducing plants to the wild.  Some examples of research that has 
been done are given below. 
• Ipsea malabarica seedlings were reintroduced in India during the monsoon season as 
individual, actively-growing seedlings two months after deflasking into community pots 
(many seedlings per pot) (Gangaprasad et al., 1999).  The results of this experiment two 
years after reintroduction looked promising, with only a small decline in numbers noted 
between growing seasons.  Plants died down during the dry season and produced new 
shoots during the next season.  The formation of 1-3 additional tubers per plant was also 
noted.  However, Ramsay and Stewart (1998) observed a 50% mortality of potted, 
asymbiotic Cypripedium calceolus seedlings planted in the spring and recommended 
autumn as the season for planting in the UK.  Some seedlings were planted directly from 
jars into natural habitat and these seedlings were still alive 18 months later.  Many of these 
seedlings, though, were noted as being “not much larger than when planted out”.   
• Paphiopedilum rothschildianum seedlings were introduced into natural habitat in North 
Borneo two years after deflasking (Grell et al., 1988).  Plants were anchored at this site 
using nylon stocking material so they would not be washed away during heavy rain.  After 
9 months, plants had “grown noticeably”, but no measurements were given.   
• Another terrestrial orchid, the Mexican Bletia urbana, was planted out as potted, 
asymbiotic seedlings (Rubluo et al., 1989) at a site south of Mexico City.  Only 15% of 
seedlings produced new leaves and bulbs one year later.  It was not mentioned that any 
plants produced a flower.  
 
No literature is available describing the re-introduction of Arachnorchis plants, but 
researchers at the Kings Park and Botanic Garden, Western Australia, used dormant tubers as 
the propagule for re-introduction (A. Batty, KPBG pers. comm.) (Arachnorchis has both an 
active phase and a dormant tuber phase).  Seedlings were raised symbiotically, transferred to 
other media for tuber initiation and development, and then tubers were harvested in 
preparation for planting out.  Sterile millet inoculated with the appropriate fungus was added 
to the top of each planting hole as a reserve supply to ensure each tuber had access to the 
mycorrhizal fungus. 
 
Actively-growing seedlings of Arachnorchis hastata have also been used as a re-introduction 
propagule (A. Pritchard, Dept. Sustainability and Environment, pers. comm.).  Greater 
attention to watering after planting was required, but this method was also successful with 
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plants flowering in the year after planting.  Watering regimes for potted plants need to be 
carefully monitored to ensure over-watering does not cause rotting of the tuber, especially 
when nearing dormancy (Kowald, 1970).  More investigation is required into potting mixes 
and mulches for seedlings, both in the potted phase and at planting out.  
 
Some success has been achieved by simply scattering seeds around the bases of adult plants in 
the wild, for example A. rosella (F. Coates, Dept. Sustainability and Environment, pers. 
comm.).  Healthy, flowering populations of Arachnorchis will have the appropriate 
mycorrhizal fungi present in the soil.  Orchid enthusiasts who wish to multiply the number of 
plants they possess often apply this technique to potted plants (M. Thomas, pers. comm.; 
Nesbitt, 1979a, 1979c).  It is simple to use, requiring no special equipment, and hand 
pollination of adult plants ensures a supply of seeds.  Large numbers of seeds do not develop 
into plants (Batty et al., 2001c), but enough plants are usually produced by this method to 
meet the grower’s needs. Sowing of seeds directly onto potting mix can also be successful in 
the nursery using pasteurized potting mixes inoculated with mycorrhizal fungi (Quay and 
McComb, 1995).  Large quantities of seeds are required to produce a reasonable number of 
seedlings, even in the more controlled environment of the nursery (K. Dixon, KPBG pers. 
comm.). 
 
In the wild, it is useful to protect the area where seeds are scattered to prevent damage to the 
young seedlings by grazing animals.  It is uncertain how long it takes for seedlings to emerge, 
but Arachnorchis hastata seedlings have appeared in the winter following an autumn sowing 
(Hill and Pritchard, 2002).  These seedlings resemble fine grass seedlings and, unless growth 
is rapid and vigorous, it is doubtful if many survive to reappear the following autumn. 
 
It may be possible to pre-inoculate seeds with fungi prior to direct-sowing.  Baiting for fungi 
involves planting retrievable packets of seeds at a site.  The packets are constructed using a 
material with a fine weave that prevents the loss of the seeds but allows fungal hyphae to 
penetrate the packet (Rasmussen and Whigham, 1993).  Mycorrhizal fungi are present if the 
seeds germinate and this can take up to 4 months.  Many seeds will decompose in that time 
after being invaded by saprophytic fungi (Batty et al., 2000).  The presence of mycorrhizal 
fungi can be mapped in an area (Perkins and McGee, 1995; Batty et al., 2001b) and this 
information can give an indication of where it is appropriate to scatter seeds if seeds are 
limiting (Rasmussen and Whigham, 1993; Masuhara and Katsuya, 1994).  It would be more 
efficient to use an in vitro technique for propagation if seeds are very scarce. 
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1.6.2 Monitoring and after-care of re-introductions 
Only after many years of monitoring can a reasonable judgement be made as to whether a 
population has been "restored".  Seedlings of Arachnorchis must successfully establish at the 
new site and then proceed into dormancy to survive the summer dry period and re-emerge 
with the onset of the next growing season.  Supplementary watering to prolong the growing 
season may be beneficial to re-establishment (K. Dixon, KPBG pers. comm., Hill and 
Pritchard, 2002), but little research has been done.  Annual replenishment of mycorrhizal 
fungi using inoculated millet may also assist in establishing the restored plants (K. Dixon, 
KPBG pers. comm.), but this also has not been tested.  Until re-introduced seedlings can be 
shown to enter and exit the dormant phase over several years, it cannot be determined whether 
the orchid is relying on a well-established fungal partner or whether it is slowly exhausting 
the supply of starch held in the tuber.  Re-introduced plants that persist and appear robust after 
2-3 years are probably well established with a fungal partner. 
 
Long-term monitoring of individual plants is crucial to determining whether or not the 
techniques currently in use are adequate for restoring terrestrial orchid populations.  Further 
research and refinement of the process for individual species will prove necessary.  Providing 
the site is appropriate and pollinators are in residence, restored plants need to be able to 
flower and produce viable seeds.  Without that ability, such plants are of no benefit to 
rescuing populations of orchids from the brink of extinction.  Monitoring for recruitment of 
seedlings needs to occur after plants have been shown to reproduce successfully.  Successful 
restoration of the population can be said to be taking place when seedling recruitment is 
shown to maintain or increase the population.  On-going maintenance of the population may 
be necessary, especially in terms of managing any threats at the reintroduction site.  
Epidendrum ilense Dodson, an epiphytic orchid of Ecuador, was discovered in 1981 and 
became extinct in the wild soon after (Dodson, 1981).  The plant was successfully propagated 
and then reintroduced to the wild, but no plants survived and future reintroductions are 
unlikely because of on-going land-clearing practices (C. Dodson, pers. comm. 2000).  This 
plant is preserved now only through cultivation. 
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1.7 AIMS OF THIS THESIS 
 
Few studies have examined species of Arachnorchis in terms of propagation and cultivation.  
By comparison, the pollination mechanism for this genus is fairly well understood.  However, 
information on fruit set, seed viability, germination, seedling growth, deflasking, and the 
identity of endophytic fungi is less well understood, and requires investigation for achieving 
the conservation goals associated with this genus.  The purpose of this study was to overcome 
some of the problems associated with the propagation and cultivation of the genus 
Arachnorchis.  This involved a number of steps including collection of hand-pollinated seeds, 
isolation of endophytic fungi, propagation and growth in vitro, followed by deflasking and 
growing on in suitable soil-based media.  The long-term aim was to be able to re-introduce 
cultivated plants successfully into their natural habitats. 
The aims of this thesis were to:  
 
• Collect and examine field data from populations of wild plants (Chapter 2)  
• Isolate and test fungi from adult orchids for germination efficacy (Chapter 3) 
• Determine the best method for growing seedlings in vitro (Chapter 4) 
• Determine the best method for deflasking seedlings (Chapter 4) 
• Characterise and attempt to identify fungi using morphological and molecular 
techniques (Chapter 5 and 6) 
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2.1 INTRODUCTION 
Common species of Arachnorchis in Victoria have relatively broad distributions, for example 
A. tentaculata, but many species are restricted to only one or a few locations.  Arachnorchis 
fulva is one such species and is restricted to a single area.  As a result, this species is critically 
endangered, as are a number of other species of Arachnorchis.  There are very few published 
field studies involving Victorian species of Arachnorchis (Rogers, 1931), and few have been 
published for species elsewhere in Australia (Stoutamire, 1983; Bates, 1984; Bickerton, 1998; 
Batty et al., 2000, 2001b).  Monitoring of orchid populations does occur with the help of 
community groups such as the Field Naturalists Club of Victoria (F. Coates, DSE pers. 
comm.) and ANOS members (Dilley, 2002), but this information is rarely published.   
 
Much of the published literature is dedicated to taxonomic description and argument (Carr, 
1986, 1988, 1991; Bower, 1992; Hopper and Brown, 2000; Jones et al., 2001; Hopper, 2003) 
rather than biological studies to determine why some species are critically endangered while 
others are widespread and common.  It is possible that some species are the result of historical 
hybridisation events (Barber, 1970; Arft and Ranker, 1998) and that plant numbers have never 
been great.  Many issues associated with research on endangered plants relate to the low 
numbers of individuals within the population.  Endangered species of orchids such as 
Arachnorchis are also legally protected from collection and excavation.  It is extremely 
difficult with many terrestrial orchid species to produce large numbers of plants for use in 
experiments.  As a result of these constraints, there is a scarcity of reliable, but fundamental, 
information surrounding Arachnorchis. 
 
2.1.1 Distribution of species of Arachnorchis 
Land-clearing has been reported as a dominant factor restricting the distribution of species of 
Arachnorchis (Backhouse and Jeanes, 1995; Bickerton, 1998; Todd, 2000), but there has been 
little investigation into other causes.  Soil type or associated vegetation might limit the 
distribution of a species.  Arachnorchis plants in the wild grow in well-drained, but nutrient 
poor, soils in open forest and heathland (Elliot and Jones, 1985).  Soils are often sandy or 
sandy loams and are very low in phosphate (Warcup, 1990).  Despite these similar 
circumstances, species of Arachnorchis vary considerably in their conservation status from 
presumed extinct, such as A. pumila, to secure (very common)(Backhouse and Jeanes, 1995; 
Briggs and Lee, 1995).  Other factors limiting orchid distributions may include rainfall or 
temperature.  For example, Arachnorchis verrucosa (G.W.Carr) D.L. Jones et M.A. Clem. 
(Mallee Spider Orchid) is restricted to the north west of Victoria where annual rainfall is very 
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low (<400 mm).  It is usually found growing in deep sands associated with Eucalyptus 
incrassata (Yellow Mallee) (Backhouse and Jeanes, 1995).  The extensive amount of land-
clearing in Victoria has probably influenced the current distributions of Arachnorchis species, 
but the over-riding environmental factors would still dictate the limits of those ranges.  For 
example, A. verrucosa has never been recorded from Gippsland even though many natural 
areas remain intact. 
 
2.1.2 Mycorrhizal fungi and orchid distributions 
On a smaller scale, individual populations of orchids can be restricted in distribution by the 
distribution and abundance of the mycorrhizal fungus (Perkins and McGee, 1995; Batty et al., 
2001b).  Typically, plants grow poorly in soils of low nutrient status unless associated with 
mycorrhizal fungi (Warcup, 1990).  Endomycorrhizae are fungi that penetrate the cells of the 
host plant.  Orchid mycorrhizas are in this category and associate with the family 
Orchidaceae.  Mycorrhizal infections can be sporadic in occurrence in epiphytic orchids 
(Hadley and Williamson, 1972; Richardson et al., 1993), but are most obvious in terrestrial 
orchids (Ramsay et al., 1986).  Orchid mycorrhizas are restricted to the cortical cells of the 
roots, or underground stem (Ramsay et al., 1986), where the septate fungi form hyphal coils 
(pelotons) in the cells of the orchid (Bernard 1909; Warcup, 1990).  The distribution of orchid 
mycorrhizas appears to be characteristic of certain habitats (Curtis, 1939) and might also be 
influenced by other plant species within an area (Perkins et al., 1995; Warcup, 1988, Selosse 
et al., 2002).   
 
2.1.3 Viability of seeds and orchid distributions 
The scarcity of endangered species of Arachnorchis might also be related to the viability of 
their seeds.  It is possible that endangered species produce a lower percentage of viable seeds 
than common species.  A high proportion of viable seeds would increase the likelihood of 
boosting recruitment levels when conditions were optimal.  Determining viability using a 
traditional germination test is difficult and time-consuming for orchids if the correct nutrient 
medium or fungus is unknown or unavailable.  Seeds can be tested indirectly for viability 
using a number of chemicals that test for metabolic activity in a seed.  Some forms of testing 
are destructive, killing the seed (e.g. tetrazolium, indigocarmine, Ellis et al., 1985) and others 
are non-destructive (e.g. fluorescein diacetate, Pritchard, 1985).  Seeds usually require some 
form of pre-treatment such as soaking in water for 24 h to increase the effectiveness of the 
uptake of the viability stain (Ellis et al., 1985).  In the case of orchid seeds, a dilute bleach 
treatment (Van Waes and Debergh, 1986; Vujanovic et al., 2000) also increases the 
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wettability of seeds for uptake of the tetrazolium solution.  Some stains stain only living 
tissue, for example tetrazolium, while others such as malachite green (Singh, 1981) stain only 
dead tissue. 
 
2.1.4 Distribution of orchid seedlings 
Seedling recruitment of orchids is often correlated with the presence of adult orchids 
(Ackerman et al., 1996) and organic matter such as a layer of leaf litter (Batty et al., 2001b) 
or beds of moss (Case, 1964 cited in Rasmussen and Whigham, 1998; Leeson et al., 1991, 
Tatarenko and Kondo, 2003).  Mycorrhizal fungi are generally concentrated around adult 
orchids (Perkins and McGee, 1995), with the leaf litter believed to provide a microclimate 
beneficial to fungi of high organic carbon and moisture content (Garrett 1956 cited in Batty et 
al., 2001b).  Germination and continued growth of viable seeds depends on landing, purely by 
chance, in an area inhabited by a compatible mycorrhizal fungus (Zelmer et al., 1996).  It is 
probable that the bulk of seeds land close to the parent plant where the mycorrhizal fungus is 
already present (Batty et al., 2001b).  However, seeds that are viable can be used in a slide-
baiting technique (Rasmussen and Whigham, 1993; Van der Kinderen, 1995) to determine the 
location of mycorrhizal fungi capable of germinating the seeds of that species of orchid (Batty 
et al., 2001b, Brundrett et al., 2003).  Locating suitable fungi in the field has implications for 
increasing orchid populations in situ.  Viable seeds can be sown into these areas to increase 
the probability of successful recruitment, providing environmental conditions are optimal for 
protocorm and seedling survival (Hill and Pritchard, 2002). 
 
Orchid protocorms of summer-dormant species must develop a tuber prior to the onset of 
dormancy when temperatures are increasing and soil moisture is declining.  Some orchid 
seedlings require a period of cold to initiate further differentiation of the protocorm and such 
orchids had distributions that were limited to areas providing these conditions (Rasmussen 
and Rasmussen, 1991).  The presence of decomposing wood (Rasmussen and Whigham, 
1998) and high soil potassium levels (Batty et al., 2001b) are also correlated with increased 
germination and recruitment of terrestrial orchid seedlings into a population.  Such factors can 
lead to spatially scattered distributions of orchids, with high densities of orchid plants in very 
localised areas.   
 
Populations of orchids fluctuate over time and are strongly influenced by many factors, 
including grazing (Bates, 1984), temperature (Willems and Bik, 1991) and inundation by 
water (Vanhecke, 1991).  Increased shading over time, such as when a plant community 
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reaches climax vegetation status, also adversely affects orchid populations, leading to reduced 
survivorship (Willems et al., 2001; Wells and Cox, 1991; Tamm, 1991).  Various factors, 
including direct competition of seedlings with the adult plant (Dixon, 1991), can cause the 
death of young seedlings, resulting in minimal recruitment.  Recruitment of seedlings to 
compensate for the deaths of older individuals is critical to the on-going existence of an 
orchid population (Tamm, 1991), especially in species like Arachnorchis that do not 
reproduce by vegetative means (Jones et al., 2001).   
 
2.1.5 Population studies 
To study distributions, recruitment and succession in orchid populations, individual plants 
must be located and tagged (Tamm, 1991).  Some studies have simply monitored flowering 
plants, but these data do not give a true representation of the status of a population (Wells and 
Cox, 1991).  Permanent tags allow the researcher to relocate individual plants year after year, 
and this provides information that allows a population to be mapped in space.  This level of 
information highlights the presence of vegetative and “missing” individuals, which would 
usually be ignored in studies that concentrated on flowering plants.  Missing individuals that 
remain underground have reappeared after a 3-year absence in some species of orchid (Light 
and MacConaill, 1991).  However, studies of other orchids (Willems, 1982) have shown that 
plants absent for such periods have died.  The studies that have concentrated on a single 
census at flowering time might also miss young plants, the leaves of which had already died 
back before the adults began flowering (Wells and Cox, 1991).  By mapping all plants, it is 
possible to chart the increase or decline of an orchid population and shed light on why these 
changes have occurred.  The reasons for the decline of an orchid population might be obvious, 
for example lack of seedling recruitment (Tamm, 1991), or not so obvious, such as when 
shading prevents sufficient photosynthesis from developing the replacement tuber in adult 
orchids (Willems et al., 2001). The reasons for such declines can only be deciphered by 
monitoring individual orchids and observing a site over many years (Tamm, 1991).  Such 
information is critical for conserving an orchid population, particularly an endangered species.  
 
2.1.5.1 Flowering 
Seasonal changes, particularly periods of drought, may result in smaller plants or fewer 
flowers.  However, responses to rainfall or climate are not clear.  Leeson et al. (1991) 
observed a rapid increase in tuber dry weight and leaf area in Dactylorhiza following higher 
than average rainfall for April.  On the other hand, Whigham and O’Neill (1991) found “no 
clear relationship between flowering and climatic variables” for Tipularia and Liparis.  
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However, there is evidence that flower primordia are initiated in the year prior to flowering 
for many terrestrial orchids (Leeson et al., 1991; Wells and Cox, 1989) and that an external 
stimulus such as weather is correlated with the initiation of the new flower primordia 
(Willems and Bik, 1991). 
 
Large plant size is a factor that increases the likelihood of an orchid producing a flower 
(Willems, 1982; Snow and Whigham, 1989; Wells and Cox, 1989; Leeson et al., 1991; 
Whigham and O’Neill, 1991).  However, the estimate used for plant size varies in reliability 
depending on the species.  Leaf number is usually a good estimate, but is not useful for 
orchids, such as Arachnorchis, with only one leaf.  Leaf area can give a good indication of the 
probability of flowering for these species as well as an indication of tuber size and therefore 
reproductive potential.  Primack and Stacy’s study (1998) showed that small plants of 
Cypripedium acaule were unlikely to flower and that small size was a strong factor in plants 
entering a dormancy phase.  Some orchids are known to remain in an underground phase for 
several years prior to re-emerging when conditions are suitable (Rasmussen, 1995).  Age is 
also a factor in subsequent flowering, as young plants flowering for the first time may exhibit 
several non-flowering years afterwards (Willems and Bik, 1991).  Costs associated with 
sexual reproduction and herbivory have been correlated with differences in flowering for 
Tipularia (Whigham and O’Neill, 1991), but many factors can influence flowering 
(Kindlmann and Balounova, 2001). 
 
2.1.5.2 Pollination 
Fruit set is often pollinator-limited, even when orchid plants are of a sufficient size and age to 
flower (Whigham and O’Neill, 1991).  The scarcity of some endangered Arachnorchis might 
be related to the scarcity or ineffectiveness of these pollinators (Neiland and Wilcock, 1998).  
Under natural conditions, fruit set in Arachnorchis is generally low, with levels of 4-30% not 
uncommon (Batty 2001, cited in Batty et al. 2001b; Bates, 1984; Bickerton, 1998).  Waite et 
al. (1991) reported differences in pollen export between sites in Anacamptis pyramidalis, 
Dactylorhiza fuchsii and Epipactis helleborine, as well as high variability within a population 
of an orchid’s ability to attract pollinators.  Low levels of fruit set can be boosted by 
artificially pollinating plants by hand, instead of relying on natural pollinators being present in 
the environment (Calvo, 1990a; Batty 2001, cited in Batty et al. 2001b, Aragon and 
Ackerman, 2001).  The pseudocopulation pollination mechanism using a male wasp’s mating 
behaviour (Stoutamire, 1974, 1983) is most likely to result in cross-pollination of flowers 
(Peakall and Beattie, 1996).  In some populations where plant numbers are exceptionally low, 
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managers might have to resort to self-pollination of individuals if possible (Cropper, 1993).  
Pollen can be stored (Seaton and Pritchard, 1990a, 1990b) while waiting for a second plant to 
flower.  Little is known of the self-compatibility of Arachnorchis plants, as they are rarely 
studied and are uncommon in cultivation (Richards et al., 1988), but A. tentaculata is known 
to be self-fertile (Peakall and Beattie, 1996), as is A. rigida (Bickerton, 1998).  Some species, 
though, do have mechanisms that prevent seed production after self-pollination.  By 
monitoring individual orchids it is possible to determine the merits of self- or cross-
pollinating flowers in populations with few individuals. 
 
2.1.5.3 Seed production 
Species of Arachnorchis do not reproduce vegetatively (Jones et al., 2001) and most plants 
produce only a single seed capsule.  Hand pollination of orchid plants is an effective strategy 
for obtaining seeds for ex situ propagation purposes, especially when the stigma is overloaded 
with pollen (Ballard, 1987).  However, with many terrestrial orchids, particularly deciduous 
species, the cost of reproduction can result in smaller leaf areas, the production of fewer seeds 
and a reduction in flowering in subsequent years (Primack and Stacy, 1998; Vallius, 2001 c.f. 
Aragon and Ackerman, 2001).  It is feared that endangered plants of Arachnorchis may 
decline in vigor if they are artificially pollinated every year in order to obtain seeds for 
propagation purposes.  Such a decline could severely reduce the future viability of some 
critically endangered populations.  Plants of Cypripedium acaule that flowered in consecutive 
years but did not set fruit (Primack and Stacy, 1998) did not exhibit a cost of flowering.  
Studies had to be 3-7 years in duration to observe the effects of continual fruit set (Primack 
and Stacy, 1998) and this suggests that the 2-year study of Malaxis massonii by Aragon and 
Ackerman (2001) was too short.  The effect of herbivory was variable between years, but 
generally less than 10% of total leaf area (Aragon and Ackerman, 2001).  Even when 50% of 
total leaf area was removed, there was no decrease in reproductive potential.  This result led 
Aragon and Ackerman (2001) to suggest that reproductive effort was not tied to the current 
season.  However, herbivory in A. rigida accounted for 30% of flowers (Bickerton, 1998) and 
this would be expected to reduce seed production. 
 
2.1.6 Collar removal 
Removal of collars from Arachnorchis plants, for the extraction of the mycorrhizal fungus 
(Ramsay et al., 1986) for germination of seed ex situ, may be detrimental to the plant.  
Photosynthesis is prevented for that growing season, as no new leaves are produced, and the 
orchid must rely solely on nutrition stored in the tuber or provided by the mycorrhizal fungus.  
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Inhibition of photosynthesis in Dactylorhiza maculata decreased the leaf area in the following 
year (Vallius, 2001).  However, this removal of leaves did not reduce the probability of plants 
flowering in the following year.  It is unknown what effect such a drastic action as collar 
removal has on individual plants of Arachnorchis, and in populations with few individuals, 
this is critical knowledge for recovery strategies.  By observing individual orchids over 
several seasons, the effects of removing a collar can be documented.  Plants are often grazed 
off to ground level and this might give a similar effect to that of collar removal, but usually 
the mycorrhizal area of the stem remains intact.   
 
 
2.1.7 Aims 
Studies in this chapter aimed to answer some critical questions about the conservation of three 
threatened Arachnorchis species, in particular A. fulva.  Three secure species were used for 
comparison and to provide contrast, with the aim of elucidating factors leading to the decline 
of threatened species.  Specific questions asked were: 
• are threatened species of Arachnorchis spp. found on sites with characteristics 
fundamentally different from those of secure orchids? 
• does climate (rainfall and temperature) affect emergence, growth and reproduction? 
• does grazing affect emergence, growth and reproduction? 
• does collar removal affect emergence, growth and reproduction? 
• what is the limiting factor in seed set: pollination or incompatibility? 
• does the type of pollination (self or cross) affect seed set or viability? 
 
In this chapter, details of the eight species chosen for the study are given and the field sites are 
described using meteorological data, soil characteristics and vegetation.  Three main 
populations of orchids were mapped and their distributions examined for up to 5 years.  The 
rare species A. fulva was monitored for emergence, leaf area, flowering and seed set.  Seed set 
and the viability of those embryos from self- and cross-pollinated flowers were examined for 
A. fulva, A. tentaculata and A. phaeoclavia.  Slide-baiting was attempted to determine its 
effectiveness for locating fungi associated with species of Arachnorchis and the effect of 
collar removal for A. fulva was examined. 
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2.2 MATERIALS AND METHODS 
 
2.2.1 Species of orchid 
This study used seven species of Arachnorchis, and Glossodia major as a related taxon (Jones 
et al., 2001) (Table 2.1).  All of the Arachnorchis species studied belong to the following 
taxonomic classifications: Section Dilatata (A. phaeoclavia and A. tentaculata), Sect. 
Clavigera (A. clavigera), Sect. Patersonii (A. fulva and A. venusta) and Sect. Reticulata (A. 
robinsonii and A. hastata) (Walsh and Entwisle, 1994).  The primary focus of the study was 
on outcomes for threatened species, but it was unrealistic to trial techniques on species where 
seed and plant numbers were limited.  Section Reticulata and Sect. Patersonii contain taxa 
predominantly described using a threatened classification.  For this reason, it was impossible 
to restrict the study to a single taxonomic section.  To guarantee a large supply of seed and 
plant material for further work (detailed in subsequent chapters), it was necessary to use 
common species from other groups within the genus.  It was hoped that information and 
techniques gained from using common species would be directly transferable to related 
groups primarily consisting of threatened species or provide a contrast to them. 
 
Three species of Arachnorchis were categorised as “secure” or common and four were 
considered “threatened”.  The three common species were A. tentaculata, A. phaeoclavia and 
A. clavigera (Fig. 2.1 A-C).  Backhouse and Jeanes (1995) consider all three “secure” in 
Victoria.  These species were used as “trial” species with which to compare “rare” species’ 
responses.  Arachnorchis tentaculata was the major trial species because of ample seed 
availability and seed that was unlikely to be the result of hybridisation (A. tentaculata was the 
only Arachnorchis species present at one site). 
 
The threatened species were A. venusta, A. fulva, A. robinsonii and A. hastata (Fig. 2.1 D-G).  
According to Backhouse and Jeanes (1995), the status of these species in Victoria reads as 
follows; A. venusta (rare), A. fulva (endangered), A. robinsonii (endangered) and A. hastata 
(endangered).  “Rare” is a category used by the International Union for the Conservation of 
Nature (IUCN) for taxa that are at risk, but not critically.  These taxa may extend over a wide 
area, but plant numbers within its distribution are small.  The taxa might also be localised 
within a geographic area. “Endangered” is a category used to describe species that are 
considered in “immediate danger of extinction”.  This state may be because of  
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Table 2.1 Location details of orchid species studied in this chapter. 
 
 
Orchid species Site name Location Latitude oS Longitude oE 
     
Arachnorchis 
phaeoclavia 
Wartook Sheep Wash Rd 37o 02’ 37” 142o 17’ 56” 
 
    
A. tentaculata Inverleigh Inverleigh Common 38o 03’ 08” 144o 01’ 56” 
 
    
A. tentaculata Mt Sturgeon Mt Sturgeon walking track 37o 37’ 37” 142o 19’ 33” 
 
    
A. clavigera St Andrews Dodd St 37o 36’ 09” 145o 16’ 39” 
 
    
A. fulva Deep Lead 3 Jacks Flora Reserve 37o 02’ 67” 142o 45’ 21” 
 
    
A. venusta Anglesea Forest Rd 38o 22’ 52” 144o 12’ 19” 
 
    
A. robinsonii Rosebud Betty Clift Reserve 38o 22’ 44” 144o 54’ 16”  
 
    
A. hastata Portland Point Danger 38o 23’ 25” 141o 38’ 23” 
 
    
Glossodia major Deep Lead 3 Jacks Flora Reserve 37o 02’ 67” 142o 45’ 21” 
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Figure 2.1 Non-threatened Arachnorchis species used in the study. 
A) Arachnorchis tentaculata 
B) Arachnorchis phaeoclavia 
C) Arachnorchis clavigera  
Arachnorchis phaeoclavia and A. clavigera photographed by J. Jeanes.   
Scale bars = 1 cm. 
A. B. 
C. 
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Figure 2.1 cont’d Threatened Arachnorchis species used in the study. 
D) Arachnorchis venusta 
E) Arachnorchis fulva 
F) Arachnorchis robinsonii and 
G) Arachnorchis hastata. 
Arachnorchis robinsonii and A. hastata photographed by J. Jeanes.   
Scale bars = 1 cm 
 
D. E. 
F. G. 
 86 
critically low plant numbers or because the natural habitat for the species has been reduced to 
a critical level. 
 
2.2.2 Location of sites 
The location of field sites is shown in Figure 2.2, with more precise location details given in 
Table 2.1.  The common species A. tentaculata was obtained from Wartook and Mt Sturgeon, 
but the main population was located at Inverleigh.  A large population of A. phaeoclavia was 
located at Wartook.  Arachnorchis clavigera was collected from St Andrews, but this site had 
many other Arachnorchis species growing at it, making identification of each plant impossible 
unless it was in flower.  For this reason, studies on common species concentrated on the sites 
where A. tentaculata and A. phaeoclavia grew.  There were two sites selected for A. venusta, 
Rocklands and Anglesea.  The two rarest species, A. fulva and A. robinsonii, were restricted to 
a single site each, Deep Lead and Rosebud respectively.  Material from Point Danger near 
Portland of A. hastata, an endangered species, became available during the study as a 
replacement for A. robinsonii and was incorporated where appropriate.  Material of Glossodia 
major was obtained from the Deep Lead site. 
 
Only the sites at Inverleigh, Wartook and Deep Lead were used for mapping studies.  At these 
sites the target species was easily identified because no other similar species grew there.  The 
site for A. robinsonii at Rosebud was a small reserve surrounded by housing and vulnerable to 
interference by the public.  For this reason, no detailed study was conducted for A. robinsonii.  
Other species of Arachnorchis grew at this site also and the target species numbered only 
about 30 plants.  Difficulties obtaining seeds from A. robinsonii were expected and so the 
study concentrated on the other two threatened species, A. fulva and A. venusta.  When seeds 
and plant material of A. robinsonii did become available, they were incorporated into the 
study.  The sites for A. fulva and A. venusta were located in areas much less vulnerable to 
interference by the public and the number of plants was large in comparison to that for A. 
robinsonii.  
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Figure 2.2 Location of field sites within Victoria.   
Dots indicate locations where seed and/or fungi were collected.  Red dots (   ) 
indicate the main field sites for mapping and measurements of orchids.   
1. Wartook, 2. Mt. Sturgeon, 3. Inverleigh, 4. St. Andrews, 5. Rocklands, 6. 
Anglesea, 7. Deep Lead, 8. Rosebud and 9. Point Danger. 
 
1 
3 
5 
2 
6 
4 
8 
7 
9 
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2.2.3 Site characterisation 
Meteorological data were obtained for all seven locations from the Bureau of Meteorology. 
The composition of soils and vegetation were examined at the Inverleigh, Deep Lead, 
Wartook and Anglesea sites. 
 
2.2.3.1 Meteorological data 
Average annual rainfall, average monthly rainfall, long term average monthly minimum and 
maximum air temperatures were obtained from the best representative recording station, 
where available (Rosebud, Portland and Anglesea), for all seven locations from the Bureau of 
Meteorology.  Stawell was the nearest station for Deep Lead , Polkemmet for Wartook and 
Colac for Inverleigh Common. 
 
2.2.3.2 Soil characterisation 
A single bulked soil sample was collected for each of the four sites.  Soil was sampled 
randomly across each site using a soil corer.  The top 10 cm of soil was collected and soil 
tests were conducted by Pivot Limited (Pivotest Laboratory, Werribee).  Pivot Limited used 
standard chemical soil analysis to determine the levels of nitrogen in the form of nitrate, 
phosphorus, potassium, sulphur, zinc, copper, iron, manganese, magnesium, chloride, 
aluminium, sodium and calcium.  These tests were based on a horticultural framework and 
included organic carbon content, pH (water), pH (CaCl2) and electrical conductivity (EC).  A 
second soil test was obtained for the Deep Lead site after several high readings resulted from 
the first soil test. 
 
2.2.3.3 Associated flora 
Species diversity was recorded in the spring when most species were flowering and could be 
identified (Willis, 1973, 1986; Elliot, 1984; Walsh and Entwisle, 1994, Backhouse and 
Jeanes, 1995; McCann, 2000; Jones et al., 2001; Ross and Walsh, 2003).  Species dormant 
over summer were actively growing at this time of year. 
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2.2.4 Mapping and tagging of orchid plants 
Arachnorchis plants were individually tagged using heat-stamped, brown, swivel tags (Leader 
Products Pty Ltd, Australia) used for ear-tagging sheep (Fig. 2.3).  These tags were threaded 
onto 120 mm tent pegs made from 2 mm stainless steel pins (Wiretainers Pty Ltd, 
Australia)(Fig. 2.3).  The peg was pushed into the soil until the head and tag were level with 
the soil surface (Fig. 2.3 C).  All plants were mapped within an area designated by four 
wooden pegs at Wartook, Deep Lead and Inverleigh.  This area was delineated after viewing 
the orchid population during spring when plants were flowering.  The area was pegged to 
include the entire population or at least 100 flowering individuals.  Sites ranged from 1.5 m x 
15 m up to 12 m x 12 m. 
 
After the study area had been determined, additional tent pegs were driven into the soil at 1 m 
intervals.  String-lines were set up using the tent pegs and wooden pegs until the entire area of 
study was dissected into a 1 m x 1 m grid.  Extra tent pegs were used inside the study area to 
keep the lines straight, i.e. parallel lines 1 m apart.  Orchid plants were located within each 
cell and each given an “x” and “y” measurement to determine its location.  When a large 
number of plants was found within a cell, bamboo skewers were used to mark each plant.  The 
skewers prevented any confusion and doubling-up of measurements and were removed as 
each plant was mapped.  
 
 
2.2.5 Plant measurements 
Measurements of leaf length and width (widest point) for A. fulva were recorded in July-
September between 1999 and 2003.  Leaf areas were calculated using the area of an ellipse 
[(L(length) x W(width) x pi]/4.  Leaves were measured from all plants in the Deep Lead Site 
A population for 5 years.  Leaves that had been grazed by herbivores were excluded from the 
leaf area data set on the basis that a comparable leaf area could not be calculated.  Leaves that 
had only had the tip removed (<30% of leaf) by grazing were included in the leaf width data 
set.  For statistical purposes, plants with missing data were removed from the data set.  The 
plants numbered 57 and 58 were excluded from data sets that compared individual plants 
between years because of their close proximity to one another and uncertainty of accurate 
identification. 
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Figure 2.3 Stainless steel pins (A) and inert plastic tags (B) were used to permanently tag 
orchid plants.  Plants of Arachnorchis fulva tagged at the Deep Lead site (C). 
Scale bars = 1 cm. 
Tag 
A. fulva leaf 
C. 
A. 
B. 
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The emergence of individuals and the incidence of grazing damage were recorded in May and 
were confirmed when leaf measurements were taken in August for each year of study.  Bud 
development or flowering was recorded between July and September.  Fruit set was recorded 
in October or when capsules were collected in November. 
 
Collars were removed by excavating below the leaf and slicing the stem 2-3 cm below ground 
level with a scalpel blade. 
 
2.2.6 Pollination and seed collection (1999-2001) 
Where available, groups of 20 plants of A. tentaculata, A. phaeoclavia and A. fulva were 
individually tagged and then randomly self-pollinated, cross-pollinated or left untouched to be 
naturally pollinated (Aug. - Sept.).  Plants were hand-pollinated using a wooden toothpick to 
transfer pollen from the anthers to the receptive stigma of the same or a different plant.  The 
toothpick used to pollinate an individual plant was discarded and a new toothpick was used to 
pollinate the next plant.  At some sites, seed capsules were “bagged” one week after 
pollination when flowers had closed (Fig. 2.4 A) to prevent loss of seeds at maturity.  A 
bamboo skewer was inserted into the ground next to the orchid to provide extra support to the 
flowering stem with the seed bag attached.  All plants at Inverleigh were protected from 
grazing using 1m x 1m x 0.6 m weldmesh pasture cages that were of sufficient weight not to 
require pinning down. 
 
Seed capsules were collected in small seed envelopes (Croxley No. 3) 4-6 weeks after 
pollination when capsules had dried and were beginning to split (Fig. 2.4 B).  Capsules were 
air-dried for 3-4 days at room temperature prior to the removal of stem and capsule material 
from the seed sample.  Envelopes were sealed, placed inside small ziplock plastic bags (Fig. 
2.4 C) and stored at 4oC until required (Seaton and Pritchard, 1990a). 
 
2.2.7 Testing of seeds for viable embryos 
The tetrazolium test (Ellis et al., 1985) was used to determine if seeds from different species 
of orchid were of different viability and if there was any difference in viability between seed 
produced using pollen from the same plant (self-pollination) and seed produced by using 
pollen from a separate individual (cross-pollination). 
 
Bulk samples of seeds were used in all cases and seeds were tested from five species of 
orchids: A. tentaculata, A. phaeoclavia, A. fulva, A. venusta and Pterostylis pedunculata R.  
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Figure 2.4 Collection of Arachnorchis seeds.  All scale bars = 1 cm. 
A) Closed flower of Arachnorchis fulva one week after pollination.   
B) Mature, dry capsule of A. fulva showing expanding slits (arrow) that allow 
passive dispersal of seeds.   
C) Storage of dry seeds inside an envelope inside a small ziplock plastic bag.   
C. B. 
A. 
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Br., from Inverleigh Common.  Pterostylis pedunculata produced relatively large seeds with 
semi-transparent testas and was used as a positive control.  To overcome poor uptake of 
tetrazolium solution, a modified method of Van Waes and Debergh (1986) was used.  All 
seeds were pre-treated for 10 min with a 0.1% solution of available chlorine (NaOCl), before 
being rinsed three times and then soaked for a further 24 h in MilliQ (Millipore Ltd) water to 
remove any trace of bleach.  A 1% solution of 2, 3, 5-triphenyltetrazolium chloride (TTC) 
was prepared and the pH adjusted to 7 with 1 M NaOH.  The bottle was wrapped in foil to 
exclude light and stored at 4oC until required.  Seeds were soaked in TTC for 24 h at 30oC in 
darkness.  Seeds were rinsed three times in Millipore water and scored for red or dark pink-
coloured embryos on a microscope slide by viewing with a Zeiss dissecting microscope at 10 
x magnification.  Coloured embryos were more easily viewed after post-bleaching of samples 
for 5 min in 0.5% available chlorine solution (NaOCl).  The post-bleaching treatment 
lightened the testa without removing the pink colouring caused by the tetrazolium salt. 
 
 
2.2.8 Slide-baiting for natural germination 
Slide baits (Rasmussen and Whigham, 1993) consisted of 100-200 orchid seeds per slide 
mixed with fine, white silica sand and placed within a folded piece of Miracloth® (8 cm x 3 
cm).  The cloth was held in place between two halves of a glassless 35 mm plastic slide mount 
(AP Photo Industries, Spain) (Fig. 2.5).  For additional security, a heated piece of No. 8 
fencing wire was pressed into the unhinged side of the slide mount to heat-seal the slide 
mount closed.  Slide baits were positioned in the field within the layer of leaf litter at a depth 
of about 3 cm.  Slide baits were laid out at 50 cm intervals along a 50 m transect line (Batty et 
al., 2001b) at Inverleigh Common (A. tentaculata) and at Wartook (A. phaeoclavia).  These 
transects were laid outside the mapped areas, but through areas where plants of Arachnorchis 
grew.  An additional 47 slide baits were laid at Inverleigh Common at 50 cm intervals within 
a grid pattern and a further 20 slide baits in a grid at the Wartook site.  At the Deep Lead site 
(A. fulva), 20 slide baits were placed in a grid pattern.  All grids were laid within the mapped 
areas. 
 
Slide baits were placed in the field at the Inverleigh, Wartook and Deep Lead sites during 
May, at the commencement of the autumn break.  Recovery of slide baits took place 22 weeks 
later at the end of October.  Slide baits were kept moist at 4oC prior to careful rinsing and 
examination with a Ziess dissecting microscope.  The presence and stage of germination was  
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recorded for each slide bait as stages 0-4 as described by Clements et al. (1986) (Chapter 1, 
Fig. 1.6). 
 
 
2.2.9 Statistics 
All plants of the Site A population of A. fulva were measured (up to 101 individuals). For 
comparisons of orchid populations across years, a random sub-sample was prepared to 
compare population means for leaf areas and leaf widths over the study period (1999-2003). 
The smallest leaf width data set for any one year was 66 plants and the smallest leaf area data 
set for any one year was 28 plants, the result of grazing and non-emergence of plants. Data 
were analysed by ANOVA and means were compared by Fisher’s p.l.s.d (or Tukey’s) using 
Minitab Statistical Software (ver. 13.20, Minitab Inc. 2000).  When data did not conform to 
normality, the non-parametric test Mood’s Median was used to compare means. For data 
relating to the same individuals between years (e.g. ovary diameters), paired t-tests were used 
to compare samples.  The Chi-squared test was used for independent data from pollination 
experiments.  The largest possible data set was analysed for each experiment.  Tabulated 
statistics are shown in Appendix A. 
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2.3 RESULTS 
2.3.1 Meteorological data 
All seven locations experienced a Mediterranean climate with hot, dry summer months and 
cool, wet winter months (Fig. 2.6), although coastal sites were milder.  No location recorded 
snowfall.  Regular rainfall began during autumn months with the break of the dry season and 
when temperatures were decreasing.  Average annual rainfall decreased with distance inland 
from the coast and was 650 mm at the coastal Inverleigh site, whereas the most inland sites at 
Wartook and Deep Lead recorded average annual rainfalls of 580 mm and 576 mm 
respectively.  The coastal sites of Rosebud and Portland recorded high rainfall totals 
exceeding 800 mm (Fig. 2.6) and the elevated, more mountainous site at St Andrews recorded 
the highest rainfall of 1199 mm.  
 
Average minimum air temperatures ranged from 4 – 6.3oC during winter (June-August) and 
increased to a maximum average temperature ranging from 11.6 – 13.9oC.  The most inland 
sites at Wartook and Deep Lead had the lowest minima, recording a minimum July average of  
3.7oC and 4.0oC respectively.  The lowest average temperature for Inverleigh was 5.7oC and 
the remaining sites always recorded an average minimum temperature above 6oC.  Frosts 
occurred from May-October when night temperatures were low, but were most common in 
June and July.  The greatest number of nights below 0oC occurred at the inland sites of Deep 
Lead and Wartook, whereas frosts were relatively uncommon at the coastal sites (data not 
shown).   
 
During summer (December-February) the average minimum temperature ranged from 9.6 - 
13.3oC up to a maximum average temperature of 19.7 – 28.1oC.  The hottest maximum was at 
Deep Lead, which had the most northerly and inland location.  Daily maximum temperatures 
of 41oC were recorded more often for the Deep Lead area during January and February than at 
any of the other sites in this study.  The three coastal sites, Anglesea, Rosebud and Portland, 
showed the least extreme temperatures (Fig. 2.6).  
 
2.3.2 Soil characterisation and chemistry 
The soils at Inverleigh, Wartook and Anglesea were very similar, whereas at Deep Lead (Site 
B) the soil tests returned some relatively high readings and will be reported separately (Table 
2.2).  Both sets of test results for soil from Deep Lead (Site B) were very similar. 
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Figure 2.6 Long-term average monthly meteorological data for the 
sites used in this study.  Long-term average annual 
rainfall is noted beside the site name.  The nearest 
recording station for temperature data is indicated in 
brackets.  *Rainfall data also. 
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Table 2.2 Soil analysis summary for the four main field sites.  Optimal readings provided 
by Pivot Ltd based on a horticultural soil test for perennial crops (e.g. 
grapevines).   
 
Test Optimal 
range 
Inverleigh  
(A. tentaculata) 
Wartook 
(A. phaeoclavia) 
Anglesea 
(A. venusta) 
Deep Lead 
(A. fulva) 
 
     
Soil texture 
 Sandy loam Sandy loam Sandy loam Loam 
Soil colour 
 Brown Brown Brown Orange/yellow 
Organic carbon 
(OC) 
 
>1.85% 
 
0.9% 
 
1.3% 
 
1.5% 
 
1.7% 
pH water 
 5.6 5.9 5.4 5.4 
pH CaCl2 
 4.5 5.0 4.6 4.4 
Chemical mg/kg 
Nitrate nitrogen 
(NO3) 
 
 
41-60 
 
 
1.4 
 
 
1 
 
 
1 
 
 
4.1 
Phosphorus – 
Colwell (P) 
 
71-120 
 
6 
 
5 
 
5 
 
6 
Available potassium 
(K) 
 
201-250 
 
88 
 
93 
 
90 
 
150 
Avail. sulphur (S) 21-100 2.2 2.8 7.3 4.0 
Zinc (Zn) 2-19 0.19 1.68 0.54 15.0 
Copper (Cu) 2-10 0.06 0.11 0.06 0.25 
Iron (Fe) 4.1-200 85 99 115 220 
Manganese (Mn) 4.1-40 10 12 4.94 48 
Chloride (Cl) <300 21 20 34 26 
 
     
Electrical 
Conductivity (EC) 
dS/m 
 
 
<0.2 
 
 
0.03 
 
 
0.05 
 
 
0.06 
 
 
0.05 
EC of saturated 
extract (Ece) dS/m 
 
0-1 
 
0.42 
 
0.70 
 
0.84 
 
0.50 
 
     
 
     
Total cation 
exchange capacity 
(CEC) 
meq/100 gm 
 
 
 
% CEC 
 
 
 
1.96 
 
 
 
4.29 
 
 
 
4.33 
 
 
 
3.62 
Aluminium (Al) <5% 0.28 14% 0.18 4% 0.60 14% 0.32 9% 
Calcium (Ca) 65-80% 1.00 51% 2.90 68% 2.30 53% 1.85 51% 
Magnesium (Mg) 10-20% 0.41 21% 0.96 22% 1.04 24% 1.00 28% 
Sodium (Na) <6% 0.09 4% 0.06 1% 0.20 5% 0.13 4% 
Potassium (K) 5-15% 0.18 10% 0.19 5% 0.19 4% 0.32 8% 
 
     
Calcium to 
magnesium ratio 
 
>2.4 
 
2.45 
 
3.03 
 
2.21 
 
1.85 
Potassium to 
magnesium ratio 
 
0.5-1.0 
 
0.45 
 
0.2 
 
0.18 
 
0.32 
 
     
 
Red  = below optimal levels 
Green = optimal levels 
Blue  = exceeds the optimal level 
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Soils at Inverleigh, Wartook and Anglesea sites 
A brown, sandy loam was recorded at Inverleigh, Wartook and Anglesea with an organic 
carbon content of 0.7 – 1.5% (Table 2.2), below that considered optimal (>1.85%) for a 
horticultural crop such as grapes (Bodinnar et al., 1998).  The soils at these three sites were 
acidic, ranging in pH (in water) from 5.4 to 5.9 and 4.4 to 5.0 in CaCl2.  
 
Nitrate nitrogen was relatively uniform from the sites at Inverleigh, Wartook and Anglesea.  
The readings were less than 1.4 mg/kg and were small in comparison to the optimal 
horticultural reading of between 41-60 mg/kg.  These three sites were similarly low in 
phosphorus (Colwell P, 5-6 mg/kg) and available potassium, well below the horticultural 
optimum of 71 – 210 mg/kg for phosphorus and 201 - 250 mg/kg for potassium.  Available 
sulphur was very low at these sites, but the Anglesea site had the highest reading (Table 2.2).  
Zinc levels varied across the three sites, but were low compared to the optimal readings of 2 - 
19 mg/kg.  Copper levels at the Inverleigh and Anglesea sites were the same, with a higher 
reading for the Wartook site.  All three readings were below optimal levels.  All three sites 
gave readings of iron midway within the optimal range, with the Anglesea site recording the 
highest of the three.  Manganese was optimal at each site, but the site at Anglesea was low 
relative to Inverleigh and Wartook.  The Anglesea site, which was the closest to the sea, gave 
the highest reading for chloride.  However, all three sites fell within the optimal range (<300 
mg/kg). 
 
Electrical conductivity (EC) and EC of saturated extract were recorded within the optimal 
range for the sites at Inverleigh, Wartook and Anglesea.  The soils at Inverleigh had the 
lowest total cation exchange capacity (CEC) of 1.96 meq/100 g when compared to the soils at 
Wartook and Anglesea.  Both of these sites were very similar with a total CEC just above 4 
meq/100 g.  Exchangeable aluminium exceeded the generally acceptable level of 5% of total 
cations for agricultural land, at both Inverleigh and Anglesea by roughly 3 times, with only 
the Wartook site being <5%.  The Wartook and Anglesea sites also recorded CEC levels for 
calcium within the optimal range, and levels were marginal at the remaining sites.  High 
levels of magnesium CEC were recorded for all sites.  Sodium CEC levels were all 
satisfactory at less than 6%, with Wartook recording the lowest reading of 1%.  Readings of 
CEC for potassium were optimal for Inverleigh.  Wartook and Anglesea recorded levels 
similar to each other, but both of these readings were verging on marginal.  The calcium to 
magnesium ratio was optimal for the Wartook and Inverleigh sites but lower for the Anglesea 
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site.  All sites recorded the potassium to magnesium ratio as low (<0.5), with Wartook and 
Anglesea giving similar figures. 
 
Soil from Deep Lead (Site B) 
Rather than the brown, sandy loam of the previous three sites, the soil at Deep Lead was an 
orange/yellow loam with the highest organic carbon content of any site.  However, this result 
was still below optimal.  The soil was acidic and within the range recorded by the other three 
sites.  The soil at Deep Lead recorded some of the highest readings of chemical ions and a 
second soil test yielded similar results to the first test.   
 
Nitrate nitrogen, although marginal, was highest at Deep Lead, but phosphorus was similar to 
the other three sites.  Available potassium was highest at Deep Lead by about 60 mg/kg when 
compared to the other sites, but was still not high enough to be considered optimal for a 
horticultural crop.  Available sulphur was low and similar to the readings at other sites, but 
the levels of zinc were very high relative to the other sites (Table 2.2).  Zinc levels were 9 
times higher than the levels at Wartook and were within the optimal range.  Copper levels 
were low like the other sites, but iron levels were double the figure recorded from Anglesea 
and exceeded the optimum range by 20 mg/kg.  Likewise, manganese was very high and 
exceeded the optimal range by 8 mg/kg.  Chloride levels were relatively similar to the other 
sites and also fell easily within the optimal range of < 300 mg/kg. 
 
Electrical conductivity at Deep Lead was the same as Wartook and EC of saturated extract 
was recorded within the optimal range.  The soils at Deep Lead had a total cation exchange 
capacity of 3.62 meq/100 g, below that of the Wartook and Anglesea sites.  Exchangeable 
aluminium exceeded 5% of total cations, but was not as high as the Inverleigh and Anglesea 
readings. The Deep Lead site recorded CEC levels for calcium below the optimal range, but 
high levels of magnesium CEC were recorded.  Sodium CEC levels were satisfactory at less 
than 6% and readings of CEC for potassium were optimal, similar to levels at Inverleigh.  The 
calcium to magnesium ratio was below optimal and was the lowest of any site (Table 2.2).  
The potassium to magnesium ratio was low (<0.5), similar to the other sites. 
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2.3.3 Associated flora 
All four main field sites were classified as open forest with open heathland understorey 
(Groves, 1987).  At all sites vegetation was sparse and interspersed with large areas of bare 
ground or leaf litter (Fig. 2.7).  There was a large proportion of summer-dormant perennials in 
the form of orchids and lilies.  Members of the Epacridaceae, Orchidaceae and Fabaceae 
dominated the understorey of all sites (Table 2.3).  Full species lists for each site are given in 
Table 2.3. 
 
Inverleigh 
At Inverleigh the dominant overstorey species were Eucalyptus viminalis (Manna Gum) and 
E. aromaphloia (Scent Bark).  These eucalypts provided a relatively thick layer of bark and 
leaf litter beneath their canopy.  Eucalyptus camaldulensis (River Red Gum), Acacia mearnsii 
(Black Wattle) and Allocasuarina verticillata (Drooping Sheoak) were present, but relatively 
uncommon at the study site.  Members of the Proteaceae were absent.  There was a very 
limited shrub layer dominated by Acacia paradoxa (Hedge Wattle).  The sparse understorey 
was composed primarily of small perennials, various orchids and lilies, grasses and annual 
herbs.  The perennials included Dillwynia hispida (Red Parrot-pea), D. glaberrima (Smooth 
Parrot-pea), Astroloma humifusum (Cranberry Heath), Platylobium obtusangulum (Common 
Flat-pea), Brunonia australis (Blue Pincushion) and Chrysocephalum apiculatum (Common 
Everlasting).  The orchids included Arachnorchis tentaculata (Mantis Orchid), Corybas 
incurvus (Slaty Helmet Orchid), Diuris sulphurea (Tiger Orchid), Pterostylis concinna (Trim 
Greenhood) and P. nana (Dwarf Greenhood).  Greenhoods (Pterostylis) and Donkey Orchids 
(Diuris) were more common at this site than at any of the other sites.  Many patches of 
orchids were growing with the moss Hypnum cupressiforme.  Dianella revoluta (Black-anther 
Flax-lily) was the dominant lily and an invading Ehrharta species was the dominant grass.  
Herbaceous plants, like Wahlenbergia stricta (Tall Bluebell) were common and the Rock Fern 
(Cheilanthes tenuifolia) was present. 
 
Wartook 
The dominant overstorey species for the Wartook site was Eucalyptus leucoxylon (Yellow 
Gum) and this species provided a layer of leaf litter beneath its canopy.  Eucalyptus 
camaldulensis (River Red Gum) was present at all sites, but was most common at the 
Wartook site.  The site at Wartook had a very limited understorey dominated by Astroloma 
conostephioides (Flame Heath) and a variety of unidentified rushes and sedges.  Other 
shrubby species included  
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Figure 2.7 Typical open forest habitat of Arachnorchis species. 
 
A) Site at Inverleigh in late autumn.  Note lack of understorey. 
B) Site at Deep Lead in late spring. 
A. 
B. 
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Table 2.3 Species lists for the four main field sites.  C = common, S = scarce. * denotes 
an introduced species. 
 
Species Inverleigh  
(A. tentaculata) 
Wartook 
(A. phaeoclavia) 
Anglesea 
(A. venusta) 
Deep Lead 
(A. fulva) 
Trees (>3 m) 
    
Acacia mearnsii De Wild. S    
Allocasuarina verticillata (Lam.) 
 L.A.S. Johnson 
S   S 
Eucalyptus aromaphloia L.D Pryor 
 & J.H. Willis 
C  C  
E. camaldulensis Dehnh. S C S S 
E. leucoxylon F. Muell.  C  C 
E. viminalis Labill. C C C C 
Shrub layer (0.5 – 3 m) 
    
Acacia acinacea Lindl.    S 
A. aculeatissima Macbride    S 
A. mitchellii Benth.    S 
A. paradoxa DC. C   S 
A. pycnantha Benth.  S S C 
A. verniciflua A. Cunn.  S   
Astroloma conostephioides 
 (Sond.) Benth. 
 C S S 
A. humifusum (Cav.) R. Br. C C  S 
Baeckea ramosissima A. Cunn.    C 
Calytrix tetragona Labill.    C 
Correa reflexa (Labill.) Vent.    C 
Cryptandra tomentosa Lindl.    C 
Daviesia brevifolia Lindl.    S 
Dianella revoluta R. Br. S S S S 
Dillwynia hispida Lindl. C   C 
Dillwynia glaberrima Sm. C   C 
Epacris impressa Labill.   C  
Eutaxia microphylla (R. Br.) J.M. 
 Black 
   C 
Grevillea alpina Lindl.    C 
Hibbertia sp.  S C C 
Leptospermum continentale J. 
 Thompson 
  C  
Leucopogon sp.    C 
Micromyrtus ciliata (Sm.) Druce    C 
Platylobium obtusangulum Hook. S S S S 
Pultenea laxiflora Benth.    C 
Ground flora (<0.5 m) 
    
Arachnorchis fulva G.W. Carr    C 
A. phaeoclavia D.L. Jones  C   
A. tentaculata Schltdl. C S S S 
A. venusta G.W. Carr   C  
Arachnorchis sp. S    
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Table 2.3 cont’d Species lists for the four main field sites.  C = common, S = scarce. * 
denotes an introduced species. 
 
Species Inverleigh  
(A. tentaculata) 
Wartook 
(A. phaeoclavia) 
Anglesea 
(A. venusta) 
Deep Lead 
(A. fulva) 
Ground flora (<0.5 m) cont’d     
Austrostipa sp. S C S S 
Bossiaea prostrata R. Br.  C S  
Brunonia australis Sm. Ex R. Br. C S  S 
Bulbine bulbosa (R. Br.) Haw.    C 
Burchardia umbellata R.Br.  S C C 
Chamaescilla corymbosa (R. Br.) 
 F. Muell. ex Benth. 
S C S C 
Cheilanthes tenuifolia (Burm.f.) 
 Sw. 
S C   
Chrysocephalum apiculatum 
 (Labill.) Steetz. 
S C  C 
Craspedia variabilis J. Everett & 
 Doust 
   C 
Corybas incurvus D.L. Jones et 
 M.A.Clem. 
S S  S 
Cyanicula caerulea (R. Br.) 
 Hopper et A.P. Br. 
   C 
Danthonia sp. S S S S 
Diuris corymbosa Lindl. C   C 
D. lanceolata Lindl.  S  S 
D. sulphurea R. Br. C    
Drosera whittakeri Planch.   C C 
Drosera planchonii Hook. f.    C 
*Ehrharta sp. C    
Genoplesium despectans (Hook.f.) 
 D.L. Jones et M.A. Clem. 
   C 
Glossodia major R. Br.  S  C 
Glycine sp. S  S  
Hibbertia humifusa ssp. humifusa 
 (F. Muell.) 
 C  C 
Hypnum cupressiforme Hedw. C C   
Hypoxis vaginata Schldl. S S S C 
Kennedia prostrata R. Br. C  S  
Leptorhynchos tenuifolius F. Muell.  C  C 
Lissanthe strigosa (Sm.) R. Br.    S 
Microlaena stipoides (Labill.) R.Br. C C C S 
Microseris scapigera (Soland. Ex 
 A. Cunn.) Schult.-Bip. 
 S C C 
Microtis sp. C C C C 
Orthoceras strictum R. Br.  S  S 
Pelargonium rodneyanum Lindl.  C   
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Table 2.3 cont’d Species lists for the four main field sites.  C = common, S = scarce. * 
denotes an introduced species. 
 
Species Inverleigh  
(A. tentaculata) 
Wartook 
(A. phaeoclavia) 
Anglesea 
(A. venusta) 
Deep Lead 
(A. fulva) 
Ground flora (<0.5 m) cont’d     
Petalochilus carneus (R. Br.) D.L. 
 Jones et M.A. Clem.  
   C 
P. fuscatus (Rchb.f.) D.L. Jones et 
 M.A. Clem. 
   S 
Pheladenia deformis (R. Br.) 
 D.L.Jones et M.A. Clem.  
   S 
Pimelea sp. C S C  
Podolepis jaceoides (Sims) Voss  S  S 
Pterostylis concinna R. Br. C    
P. nana R. Br. C S S S 
P. pedunculata R. Br. C    
P. sp.   S S 
Stackhousia monogyna Labill.    S 
Thelymitra antennifera (Lindl.) 
 Hook. f. 
 S  S 
T. leuteocilium Fitzg.  S   
T. pauciflora R. Br.  C  S 
T. sp. S  S S 
Themeda australis (R. Br.) Stapf S    
Thysanotus patersonii R. Br. S    
Wahlenbergia stricta Sweet C   C 
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Acacia pycnantha (Golden Wattle), A. verniciflua (Varnish Wattle), Platylobium 
obtusangulum and an erect species of Hibbertia.  The ground flora was more diverse, but 
dominated by Hibbertia humifusa ssp. humifusa (Grampians Guinea-flower) and Astroloma 
humifusum.  A variety of orchids was present and included Arachnorchis phaeoclavia 
(Brown-clubbed Spider-orchid), A. tentaculata, Orthoceras strictum (Horned Orchid), 
Corybas incurvus, Thelymitra antennifera (Rabbit-ears) and T. pauciflora (Slender Sun-
orchid).  Sun-orchids (Thelymitra spp) were common at this site and at Deep Lead.  Other 
species included the moss Hypnum cupressiforme, also common at Inverleigh, and 
Pelargonium rodneyanum (Magenta Stork’s-bill). 
 
Anglesea 
Similar to Inverleigh, the main overstorey species at the Anglesea site were E. viminalis and 
E. aromaphloia.  Eucalyptus camaldulensis was present, but uncommon.  The shrub layer was 
sparse and consisted of Leptospermum continentale (Prickly Tea-tree) and Acacia pycnantha.  
The understorey was relatively short and thick and was dominated by sedges, Hibbertia sp. 
and epacrids.  Unlike the other sites, Epacris impressa (Common Heath) was abundant at 
Anglesea.  Astroloma conostephioides was present, but not as common as it was at Wartook.  
Leptospermum continentale was also part of the understorey and recent fires had caused the 
plants to resprout from the base.  Dianella revoluta and Burchardia umbellata (Milkmaids) 
were two of the most common lilies at the site.  Several peas, including Bossiaea prostrata 
(Creeping Bossiaea), Platylobium obtusangulum and Kennedia prostrata (Running Postman) 
were in the understorey, along with a species of Pimelea.  A number of orchids was present 
(Table 2.3). The most common orchids were Arachnorchis venusta (Large White Spider-
orchid) and A. tentaculata.  There were a few orchids in flower that had characteristics similar 
to these two orchids and these may have been hybrids.  A few Greenhoods were present, for 
example Pterostylis nana, but these were uncommon.  The main grasses were species of 
Austrostipa, Danthonia and Themeda australis (Kangaroo Grass), similar to the Inverleigh 
site. 
 
Deep Lead 
The dominant overstorey species for Deep Lead were Eucalyptus leucoxylon (Yellow Gum), 
similar to the Wartook site, and E. viminalis.  There was an occasional plant of Allocasuarina 
verticillata.  The shrub layer was quite diverse, unlike the other three sites, and included 
Acacia pycnantha, Calytrix tetragona (Common Fringe-myrtle), Baeckea ramosissima (Rosy 
Baeckea), Correa reflexa (Common Correa), Grevillea alpina (Cat’s Claws) and Micromyrtus 
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ciliata (Heath-myrtle).  There was a high diversity of pea plants as small shrubs and ground 
flora and these included Daviesia brevifolia (Leafless Bitter-pea), Dillwynia hispida,  
D. glaberrima, Eutaxia microphylla (Common Eutaxia), Platylobium obtusangulum and 
Pultenea laxiflora (Loose-flower Bush-pea). 
 
Deep Lead had the greatest number of orchid species of the four sites (Table 2.3), totalling 15 
species.  Many orchids were abundant, particularly Cyanicula caerulea (Blue Caladenia), 
Arachnorchis fulva (Tawny Spider-orchid) and Glossodia major (Wax-lip Orchid).  Other 
orchids at this site were less common, but included A. tentaculata, Petalochilus carneus (Pink 
Fingers), P. fuscatus (Dusky Caladenia), Pheladenia deformis (Bluebeard Caladenia), 
Corybas incurvus (Slaty Helmet Orchid), several species of Thelymitra (Sun Orchid) and 
Orthoceras strictum.  Several of these species were also present at the Wartook site.  Plants of 
Burchardia umbellata (Milkmaids) were abundant at the Deep Lead site and flowered at the 
same time as A. fulva.  Both plants had flowers of a similar colour and height above ground.  
Grasses at this site were not common, but did include species of Austrostipa and Danthonia. 
 
 
2.3.4 Spatial distribution of Arachnorchis plants and clusters 
Inverleigh 
At Inverleigh, two main clusters of A. tentaculata plants were mapped and consisted of 143 
individuals (Fig. 2.8) in 2002.  The majority of the mapped plants grew within a bed of moss 
(Hypnum cupressiforme), but other A. tentaculata plants, outside the mapped area, grew in the 
open without an obvious association with neighbouring vegetation.  Apart from other plants 
of A. tentaculata and the moss, few other plants grew within the immediate area.  Those that 
did included another orchid (Corybas incurvus), several grasses and a tree (Eucalyptus 
viminalis).  There was a greater build up of organic material around Arachnorchis plants 
within the bed of moss when compared with those plants growing on bare ground.   
 
Decaying branches were found within the cluster with the greatest number of A. tentaculata 
plants.  This main cluster of 108 individuals was roughly 1.7 m x 1.9 m, but several smaller, 
tighter clusters of plants existed within this area (Fig. 2.8).  These smaller clusters were often 
located along the edges of a decaying branch, with plants growing within a few centimetres 
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Figure 2.8 Individual plants of Arachnorchis tentaculata (▲) at the Inverleigh site. 
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of each other.  There was usually a build-up of leaf litter as well.  The second cluster of 35 
plants grew intermingled with a colony of Slaty Helmet Orchids and with a number of 
grasses.  This cluster was a single, relatively tight group of about 70 cm diameter, but four 
plants grew outside the central cluster.  There was less leaf litter in the area with 35 plants and 
no decaying logs or branches compared with the main cluster of 108 plants.  The distance 
between these two main clusters was 2.4 m and was greater than the spread of Archnorchis 
plants within either cluster. 
 
Wartook 
Plants of A. phaeoclavia were plentiful at the Wartook site, with 1313 individual plants 
mapped between 1999 and 2002 (Fig. 2.9).  Arachnorchis phaeoclavia plants were sometimes 
located in clusters beside individual A. conostephioides plants and this species had a 1-2 cm 
layer of decomposing leaves beneath the canopy.  In some areas of the site there was a 
substantial layer (up to 4 cm) of bark and sawdust from removal of posts or sleepers in the 
past.  Arachnorchis phaeoclavia plants were the only plants growing up through this layer.   
 
An area of the site densely populated by A. phaeoclavia plants was on and around an old ant 
nest (Fig. 2.9 E2, F2).  There were 259 plants of A. phaeoclavia growing in an area of 1.2 x 
1.4 m. This nest had been disturbed in the past by a Short-beaked Echidna (Tachyglossus 
aculeatus) and had been colonised by orchids and several species of native grasses, for 
example Danthonia and Austrostipa.  Another small cluster of 49 plants grew in an area of 0.4 
x 0.6 m and was isolated from other A. phaeoclavia plants (Fig 2.9, L9).  In other unmapped 
areas of the site, clusters of orchids grew out of beds of moss underneath plants of  
A. conostephioides.  Plants of A. phaeoclavia were also commonly found growing beside 
decaying branches and logs. 
 
Deep Lead 
At the Deep Lead site two populations of A. fulva were mapped.  Site A (Fig. 2.10) consisted 
of a population of 85 plants in 2002, while Site B (Fig. 2.11) consisted of a population of 136 
plants.  Plants of A. fulva were usually found in soils with either no leaf litter covering 
(generally Site A) or with 2-3 cm of leaf litter.  In some areas of Site B where many orchids 
grew, one area had a 2-3 cm layer of leaf litter while the others had a layer of moss.  Small 
non-flowering plants, possibly seedlings, were observed at Site B in the location with the deep 
layer of leaf litter.  Generally A. fulva did not grow in close association with other plants.   
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Figure 2.9 Individual plants of Arachnorchis phaeoclavia (●) at Wartook.  Plants of 
Astroloma conostephioides are marked as (    ).  Each grid square measures 1.0 
m x 1.0 m. 
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Figure 2.11  Arachnorchis fulva, Site B population at Deep Lead.  Diamonds    indicate 
plants of Aracnorchis fulva, circles      indicate clusters growing with moss and 
the dotted circle       indicates a cluster in an area of deep leaf litter.  Scale is in 
metres. 
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Arachnorchis fulva sometimes grew close to or underneath plants of Lissanthe strigosa 
(Peach Heath) and Pultenaea laxiflora (Loose-flower Bush-pea), but orchid numbers per 
cluster were relatively low (<20) (Fig. 2.10).  Plants of A. fulva more often grew in 
association with other plants of A. fulva than with any other species. 
 
Anglesea 
At the Anglesea site, A. venusta was not mapped because of the relatively few plants (n = 50).  
The population of A. venusta plants appeared more uniformly scattered than had other species 
of Arachnorchis at the other sites.  There was no obvious association with any other species, 
including other A. venusta plants.  Beds of moss were not common at this site.  Some plants 
of A. venusta grew within bushes of A. conostephioides at the Rocklands Road site, where 
there was little understorey apart from A. conostephioides. 
 
2.3.5 Population biology of Arachnorchis plants 
Leaves of Arachnorchis plants began emerging in May and it took several months for the 
entire population to appear.  No new plants emerged after August.  Buds of all species were 
visible several months prior to flowering, but remained in a basal position until elongation of 
the flowering stem commenced.  The A. fulva populations commenced flowering in late 
August, while populations of A. tentaculata and A. phaeoclavia flowered from late September 
until mid October.  Seeds of A. fulva were harvested in late October to the first week of 
November, whereas seeds of A. tentaculata were harvested several weeks later in mid-late 
November, the same as A. phaeoclavia.  Leaves had senesced by the time the capsules were 
harvested.  Plants remained underground in a state of dormancy until re-emerging in May of 
the following year after the autumn break. 
 
2.3.5.1 Effect of rainfall or year on leaf size 
Effect on the population 
Leaf widths in August for the population were significantly greater in 2003 (Mood’s Median 
Test, Chi2=33.64, p<0.001; Appendix A, Table 2.1.1) than in any other year of the study when 
random samples of 66 leaf width measurements were compared for each year (Fig. 2.12).  
However, a comparison of all leaf width data across years showed that data from 2003 were 
significantly greater than measurements for 1999, 2001 and 2002, but not from measurements  
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Figure 2.12 Average leaf width of the Arachnorchis fulva population, Site A, Deep Lead. 
Error bars = standard error.  Different letters (i.e. a and b) per year indicate a 
significant difference.  Comparisons shown between lower- or upper-case 
groups. 
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in 2000 (Fig. 2.12) (Mood’s Median Test, Chi2=15.62, p=0.004; Appendix A, Table 2.1.2).  A 
comparison of all leaf length data across years showed that data from 2003 were significantly 
greater than measurements from 2002, but not from measurements in 1999, 2000 or 2001 
(Fig. 2.13) (ANOVA, F=4.70, p=0.001; Appendix A, Table 2.1.3).  Leaf lengths were also 
significantly greater in 2000 than in 2002, but not in 1999, 2001 or 2003.  The size of the 
sample for leaf length data was smaller than that of leaf width for the population because of 
grazing. 
 
Leaf width in August was positively correlated with rainfall for the months of December (of 
the previous year), February, April and July (Table 2.4).  A negative correlation was found 
when leaf width in August was correlated with rainfall for March of the current year and for 
September and October of the previous year.  Overall, the strongest correlation of leaf width 
and monthly rainfall was for rainfall in April (Table 2.4)(Pearson correlation = 0.162, 
p=0.003).  Leaf length was also correlated with monthly rainfall for some months.  There was 
a negative correlation of leaf length and rainfall for the months September and October in the 
previous year (Table 2.4).  More months showed a positive correlation and these were 
November and December of the previous year, and April and July of the current year.  
Rainfall for the first half of the year (January-July) was more strongly correlated with leaf 
width (Pearson correlation = 0.172, p=0.001) and leaf length (Pearson correlation = 0.255, 
p<0.001) in August than with individual monthly rainfall. 
 
When the annual population of emerged plants was examined for leaf width change since the 
previous year, no correlation was found between the proportion of the population in each 
category (increase in leaf width, decrease or no change) and rainfall (Fig. 2.14, Table 2.5).  
An increase in leaf width occurred for all years between 1999 and 2003 ranging from 39.7% 
to 82.7% of the population (Figure 2.14).  The proportion of the population in the “increased 
leaf width” category differed during the period 1999-2003 (Chi2 test, Chi2=27.89, p<0.001; 
Appendix A, Table 2.1.4.1).  There was a greater proportion of the population in the 
“increased leaf width” category for the interval ‘1999-2000’ when compared with ‘2000-
2001’ (Table 2.5)(Chi2 test, Chi2=4.26, p<0.05; Appendix A, Table 2.1.4.1a), but there was no 
difference between the intervals ‘2000-2001’ and ‘2001-2002’ (Table 2.5)(Chi2 test, 
Chi2=0.02, p>0.05; Appendix A, Table 2.1.4.1b).  The greatest proportion (82.7%) of the 
population showing an increase in leaf width occurred between 2002 and 2003 (Figure 2.14) 
and was significantly more of the population than for the previous interval (Table 2.5)(Chi2= 
19.4, p < 0.001; Appendix A, Table 2.1.4.1c). This was a 74% increase in the proportion of  
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Figure 2.13 Average leaf length of the Arachnorchis fulva population, Site A, Deep Lead.  
Error bars = standard error.  Different letters (i.e. a and b) per year indicate a 
significant difference.   
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Figure 2.14 Proportion of the population in categories of ‘change in leaf width’ compared 
with rainfall.   
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Table 2.5 Changes in leaf width between years for the Arachnorchis fulva population at 
Site A, Deep Lead. 
 
 
 
Years No. of 
plants 
measured 
No. with 
increased 
leaf width 
No. with 
decreased 
leaf width 
No. with 
no change 
in leaf 
width 
Annual 
rainfall 
(mm) 
Rainfall 
(Aug-Aug) 
 
 
   
  
1998-1999 0 - - - 575.6 511.4 
1999-2000 54 33aA 11dD 10g 543.6 570.0 
2000-2001 60 24bB 28eE 8g 492.0 463.6 
2001-2002 58 23bB 26eE 9g 555.2 518.8 
2002-2003 52 43cC 5fD 4g 398.8 483.8 
 
      
 
Different letters (i.e. a and b) per consecutive interval pair (down) indicate a significant difference 
Different letters (i.e. A and B) per non-consecutive interval pair (down) indicate a significant difference 
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plants in the “increased leaf width” category when compared with the next greatest 
proportion, which occurred between 1999 and 2000 (Fig. 2.14).   
 
Differences among non-consecutive years were: a greater proportion of plants with increased 
leaf width for the interval ‘1999-2000’ when compared with the interval ‘2001-2002’ 
(Chi2=4.33, p<0.05; Appendix A, Table 2.1.4.1d), a smaller proportion of plants with 
increased leaf width for the interval ‘1999-2000’ when compared with the interval ‘2002-
2003’ (Chi2=5.06, p<0.05; Appendix A, Table 2.1.4.1e) and a significantly smaller proportion 
of plants with increased leaf width for ‘2000-2001’ when compared with the interval ‘2002-
2003’ (Chi2=19.39, p<0.001; Appendix A, Table 2.1.4.1f). 
 
The proportion of the population in the “decreased leaf width” category was between 9.6 and 
46.7% (Fig. 2.14).  There were some plants with smaller leaf widths in the subsequent year 
for all years (1999-2003)(Table 2.5), but the proportion differed for some years (Chi2 test, 
Chi2=25.92, p<0.001; Appendix A, Table 2.1.4.2).  There was a significant increase in the 
proportion of the population in this category between the intervals ‘1999-2000’ and ‘2000-
2001’ (Chi2= 7.6, p < 0.01; Appendix A, Table 2.1.4.2a).  The proportion of the population in 
the “decreased leaf width” category was not different between the intervals ‘2000-2001’ and 
‘2001-2002’ (Table 2.5)(Chi2= 0.0002, p > 0.05; Appendix A, Table 2.1.4.2b).  Comparison 
of the interval ‘2001-2002’ with ‘2002-2003’ showed a significant shift in the population 
away from the “decreased leaf width” category to other categories (Chi2=15.1, p<0.001; 
Appendix A, Table 2.1.4.2c).   
 
Differences among non-consecutive years were: a smaller proportion of plants with decreased 
leaf width for the interval ‘1999-2000’ when compared with the interval ‘2001-2002’ 
(Chi2=6.5, p<0.02; Appendix A, Table 2.1.4.2d), no difference between ‘1999-2000’ and 
‘2002-2003’ (Chi2=1.63, p>0.05; Appendix A, Table 2.1.4.2e) and significantly greater 
proportion of plants with decreased leaf width for ‘2000-2001’ when compared with the 
interval ‘2002-2003’ (Chi2=16.6, p<0.001; Appendix A, Table 2.1.4.2f). 
 
The proportion of the population that showed no change in leaf width between years was 
relatively stable for all years studied, with figures ranging from 7.7 to 18.5% of the population 
in this category (Fig. 2.14).  No time interval differed from any other interval (Chi2=2.79, 
p=0.425; Appendix A, Table 2.1.4.3). 
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Effect on individuals 
There was little correlation between annual rainfall and leaf size of individual plants in the 
following year.  The year 2000 was a comparatively dry year, recording an annual rainfall of 
492 mm, when compared with 1999 (Fig. 2.15).  However, leaf areas of the 40 Arachnorchis 
plants that emerged in 1999 and in 2000 were significantly greater in 2000 than in 1999 (Fig. 
2.16)(Paired t-test, T=-4.38, p<0.001; Appendix A, Table 2.1.5).  Leaf widths were also 
greater in 2000 for the 54 plants from which measurements were recorded (Paired t-test, T=-
3.68, p=0.001; Appendix A, Table 2.1.6).  There was no difference in leaf widths or areas for 
individual plants when measurements for 2000 were compared with measurements for 2001 
(Paired t-test, T>0.77, p>0.05; Appendix A, Table 2.1.6).  Annual rainfall for 2001 was 555.2 
mm, greater than totals for either 1999 or 2000.  There was also no difference in leaf width or 
area for individual plants when measurements for 2001 were compared with measurements 
for 2002.  Rainfall for 2002 was 398.8 mm, less than any other year in the study and well 
below the long-term average of 575.8 mm annual rainfall (Fig. 2.15).  Leaf areas and widths 
in 2003 were significantly greater than leaf areas and widths measured in 2002 (Paired t-test, 
T=-4.06, p=0.002; Paired t-test, T=-6.82, p<0.000, respectively; Appendix A, Table 2.1.5 and 
Table 2.1.6). 
 
In each year there was a positive correlation between leaf area in the current year and leaf area 
in the following year for individual plants (Fig. 2.17) (Pearson’s correlation > 0.495, p< 
0.031; Appendix A, Table 2.1.5).  The same trend was observed with the leaf width data (Fig. 
2.18) (Pearson’s correlation > 0.554, p< 0.001; Appendix A, Table 2.1.6).  Plants with small 
leaf areas or leaf widths maintained small leaf areas or widths in the following year, whereas 
plants with large leaf areas or widths were large in the next year.  Grazing of leaves was 
common in both years, diminishing the sample size for leaf area, with 25 plants grazed in 
2002 and 47 plants in 2003.  Leaf width of individual plants increased between years when 
rainfall for the first half of the year increased compared with the rainfall in the first half of the 
previous year.  A significant correlation was found (Pearson’s correlation = 0.368, p < 0.001, 
Appendix A, Table 2.1.7) when the change in rainfall between years for January to July was 
compared with the change in leaf width, in August, for individual plants between the same 
years (Fig. 2.19).   
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Figure 2.15 Rainfall data for the site at Deep Lead for the years 1999-2003.   Data showing 
the long-term average are shown as a line graph.  Data were from the nearest 
recording station at Stawell airport. 
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Figure 2.17 Leaf area corelations between consecutive years for Arachnorchis fulva site A 
population. 
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Figure 2.18 Leaf width correlations between consecutive years for Arachnorchis fulva site 
A population. 
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2.3.5.2 Flowering response in relation to leaf size or year 
Reproductive plants of A. fulva had larger leaves than non-reproductive plants (Table 2.6).  
Leaf areas of plants of A. fulva that had a flower bud were, on average, 2.2 times (Mood’s 
Median Test, Chi2=110.94, p<0.001; Appendix A, Table 2.2.1a) the leaf areas of plants in the 
population that did not and leaf area was strongly correlated with budding (Pearson 
correlation =0.655, p<0.001, Appendix A, Table 2.2.1b).  The leaf area of flowering plants in 
August generally exceeded 4.5 cm2 (Table 2.6).  As a whole, the mean leaf areas of the 
population combining flowering and non-flowering plants did not differ between years (1999-
2003) (ANOVA, F=2.37, p=0.053; Appendix A, Table 2.2.2).  However, in every year of the 
study, leaf area of plants of A. fulva that had a flower bud were significantly larger than non-
flowering plants (ANOVA, F>43.18 and Mood’s Median Test, Chi2> 11.63, p<0.001; 
Appendix A, Tables 2.2.3a-e). 
 
Plants with a flower bud - leaf width 
Using the larger data set of leaf widths, the leaf width of plants with a flower bud were, on 
average, 1.6 times the leaf width of plants without a flower bud (ANOVA, F=231.14, 
p<0.001; Appendix A, Table 2.2.4a).  Leaf width was strongly correlated with the plant 
having a flower bud (Pearson’s correlation = 0.644, p<0.001; Appendix A, Table 2.2.4b).  
Plants with leaves smaller than 4.7 mm in width did not, in general, produce a flower (Table 
2.6).  Average leaf width for plants with a flower or flower bud generally exceeded 8.2 mm in 
August (Table 2.6).  There was a difference in the leaf width of plants with a flower bud 
among years (ANOVA, F=3.01, p=0.020; Appendix A, Table 2.2.5) with leaf widths of plants 
with a bud in 2003 significantly greater than leaf width in 2001 (Fig. 2.20) (ANOVA, F=9.01, 
p=0.004; Appendix A, Table 2.2.5.1).  There was no difference in leaf width between any 
other years (Tukey’s pairwise comparisons; Appendix A, Table 2.2.5).  Leaf widths of plants 
with a flower bud became greater over the period 2001-2003 (Pearson correlation = 0.263, p = 
0.003; Appendix A, Table 2.2.5.2). 
 
Plants without a flower bud - leaf width 
Leaf widths of plants without a flower bud became smaller over the period 1999-2002 (Fig. 
2.20) (Pearson correlation = - 0.285, p = 0.002; Appendix A, Table 2.2.6.1) and were 
significantly smaller in 2002 than widths in either 1999 or 2000 (Fig. 2.20)(ANOVA, F=4.17, 
p=0.003; Appendix A, Table 2.2.6.2).  Leaf widths for 2001 were not different for non-
flowering plants from any year in the 5-year period, whereas leaf widths of plants without a  
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Figure 2.20 Leaf widths of plants of Arachnorchis fulva with or without a flower bud 
compared between years (1999-2003). Plants from the Site A population, Deep 
Lead. Error bars = standard error.  Significant differences are indicated using 
different letters (i.e. A or B) per data set. 
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flower bud were 1.8 times greater in 2003 than widths in 2002 (Fig. 2.20) (Tukey’s pairwise 
comparisons; Appendix A, Table 2.2.6.2). 
 
Difference in flower bud production 
Although it appeared that there was no difference in budding among years using the total 
emerged population (Chi-Square Test, Chi2=8.65, p=0.07; Appendix A, Table 2.2.7.1), there 
was a difference in bud production, with more buds than expected being produced in 2001 
than in 1999 (Fig. 2.21) (Chi-Square Test, Chi2=7.16, p<0.01; Appendix, Table 2.2.7.1a).  No 
other years differed from any other (Chi-Square Test, Chi2<3.67, p>0.05; Appendix, Tables 
2.2.7.1b-j).  When only the population of plants with leaf area data were compared, more 
plants with buds were present in 2002 than in 1999 (Chi-Square Test, Chi2=8.65, p<0.01; 
Appendix A, Table 2.2.7.2a) with no difference among other years (Chi-Square Test, 
Chi2<2.96, p>0.05; Appendix A, Tables 2.2.7.2b-j).  Also, when only the population of plants 
with leaf width data were compared, significantly more buds were produced in 2002 and in 
2003 than in 1999 (Fig. 2.21) (Chi-Square Test, Chi2>6.36, p<0.02; Appendix A, Tables 
2.2.7.3a and b).   
 
There was no correlation between individual plants flowering and the rainfall in April 
(Pearson correlation = - 0.032, p = 0.503; Appendix A, Table 2.2.7.4a) or for total rainfall 
during the first half of the year (January-July) (Pearson correlation = - 0.0.19, p = 0.684; 
Appendix A, Table 2.2.7.4b).  However, when the proportion of the emerged population with 
a flower bud was compared with rainfall for these periods a positive correlation was found 
(for April rainfall, Pearson’s correlation = 0.382, p<0.001; for Jan-Jul rainfall, Pearson’s 
correlation = 0.150, p=0.002; Appendix A, Tables 2.2.7.4c and d).  An increase in the 
proportion of the population with a bud was correlated with an increase in rainfall. 
 
 131 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.21 Variation in the population of Arachnorchis fulva plants with and without a 
flower bud over 5 years (1999-2003).  Measurements from plants of the Site A 
population, Deep Lead, using plants measured for leaf width. 
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2.3.5.3 Dynamics of an Arachnorchis fulva population 
The total number of individuals recorded in the population increased over the five years from 
79 plants in 1999 to 100 in 2003 (Fig. 2.22, Table 2.7).  A mix of small plants and large plants 
accounted for the increase.   
 
Emergence 
Over the period of study, there was an increase in the number of plants that did not emerge 
(Fig. 2.23, Table 2.7) from 4 plants in year 2 (2000) to 11 plants in year 5 (2003).  However, 
there was still a positive correlation between the number of plants expected to emerge and the 
number that did (Pearson correlation = 0.985, p<0.002;Appendix A, Table 2.3.1.1).  Of the 79 
individual plants observed in year 1 (1999), 82.3% emerged in every year of the study (1999-
2003) (Fig. 2.24) and 10.1% emerged in 4 out of the 5 years.  Only 2.5% of the original 
population of 79 emerged in only 1, 2 or 3 years out of 5.  There were 14 plants of the original 
79 that emerged in 4 or fewer years during the study.  The majority of these (57%) emerged in 
4 out of the 5 years (Fig. 2.25). The two plants that emerged once only, emerged in the first 
year and were not seen again for the duration of the study.  The two plants that emerged 
twice, emerged in the first year and then once more in the second or third year respectively.  
Neither was seen in year 4 or 5 of the study.  The two plants that emerged in 3 years out of the 
5, emerged at the beginning of the study and were still present in either year 4 or 5 of the 
study. 
 
Emergence was positively correlated with bud production (Pearson correlation = 0.440, 
p<0.001; Appendix A, Table 2.3.1.2).  Of the 61 plants (non-ambiguous budding state) that 
emerged every year for 5 years, 18% produced a bud in every year of the 5-year study and 
29.5% produced buds in 4 of the 5 years (Fig. 2.26).  There was no correlation between 
emergence and bud production (Pearson correlation = 0.324, p=0.258; Appendix A, Table 
2.3.1.3), or between the number of consecutive years emerged and flowering (Pearson 
correlation = 0.183, p=0.532; Appendix A, Table 2.3.1.4) for the plants that emerged in 4 or 
fewer years out of the 5 years.  There was however, a positive correlation between years 
emerged and the absence of a flower bud (Pearson correlation = 0.805, p=0.001; Appendix A, 
Table 2.3.1.5) for this group. 
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Figure 2.23 Variation in life states from 1999-2003 of the 79 plants of Arachnorchis fulva 
that appeared for the first time in 1999. Site A, Deep Lead population. 
 
 
 
 
 
Figure 2.24 Frequency of emergence for 79 plants of Arachnorchis fulva, Site A population 
Deep Lead. 
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Figure 2.25 Variation in the number of years emerged from 1999-2003 of the 14 plants of 
Arachnorchis fulva (of the original 79) that appeared for 4 or fewer years.  Site 
A, Deep Lead population. 
 
 
 
 
 
 
 
Figure 2.26 Frequency of budding for 61 plants of Arachnorchis fulva, Site A population 
Deep Lead that emerged every year (5 years out of 5). 
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Life state 
Between the years 1999 and 2000, the most common categories for a shift in life state were a 
shift to budding and “no change” of life state (Fig. 2.27).  For the rest of the study (2000-
2003) the most common category was “no change”.  The shift to budding was significantly 
different among years (Chi-Square Test, Chi2= 43.46, p < 0.001; Appendix A, Table 2.3.2.1).  
Between 1999-2000 a significantly greater proportion of the population than was expected 
(Chi-Square Test, Chi2> 16.01, p < 0.001; Appendix A, Table 2.3.2.1a-c) shifted into the 
budding state.  No other years differed (Chi-Square Test, Chi2< 2.47, p >0.05; Appendix A, 
Tables 2.3.2.1d-f).  The proportion of the population in the “no change” category was 
significantly less in ‘1999-2000’ interval than for the other years of the study (2000-2003) 
(Chi-Square Test, Chi2>5.93, p<0.02; Appendix A, Tables 2.3.2.2a-c).  There was no 
difference in the expected proportion of the population in the “no change” category for the 
remainder of the study (2000-2003) (Chi-Square Test, Chi2<0.684, p>0.05; Appendix A, 
Tables 2.3.2.2d-f).   
 
The number of plants in the change to “not up” and change to vegetative categories was too 
small to determine a difference between years.  However, the leaf width of plants for the year 
prior to ceasing flowering was known for 24 plants and known in 22 cases for the year 
flowering ceased.  There was no difference between leaf width for these years for the 21 
plants that data were available (Paired T-test, T=1.66, p=0.112; Appendix A, Table 2.3.2.3).  
Of the 25 plants in total, 29% ceased flowering after the drought year (2002), 24% ceased 
flowering after grazing to ground level, one plant rotted and one plant emerged deformed with 
no bud.  The cause of flowering ceasing was not obvious for the remaining 10 plants.  Four 
ceased flowering in 2002 (the drought year), three did not flower in the year they were grazed 
to ground level and the three remaining plants had a leaf width of less than 9 mm. 
 
Of the plants in the “no change” category between 1999 and 2000, the majority (58%) of 
plants remained in the vegetative state (Fig. 2.28).  However, for the rest of the study (2000-
2003), the balance shifted, with the majority of plants (60-63%) in the “no change” category, 
being plants with a bud (Fig. 2.28).   
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Figure 2.27 Change of state frequencies between years of the Arachnorchis fulva Site A 
population at Deep Lead. 
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Figure 2.28 Relative frequencies of Arachnorchis fulva plants between years in the “no 
change” in state category.  Site A population at Deep Lead. 
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The leaf widths of the plants in the “no change” in state category, with buds or without buds, 
did not change between consecutive years (Paired t-test, p>0.05; Appendix A, Table 2.3.2.4a-
c), except for the interval from 2002-2003 when leaf widths in 2003 were significantly greater 
than leaf widths in 2002 (Paired t-test, T= -4.55, p<0.001; Appendix A, Table 2.3.2.4d). 
 
When reproductive plants were examined (Appendix A, Tables 2.3.2.5a-d), there was no 
change in leaf width between 1999 and 2000; leaf widths were smaller in 2001 when 
compared with 2000 (Paired t-test, T= 3.15, p=0.004; Appendix A, Table 2.3.2.5b), not 
different in 2001 when compared with 2002 and significantly larger in 2003 when compared 
with 2002 (Paired t-test, T= -5.03, p<0.001; Appendix A, Table 2.3.2.5d) (Fig. 2.29). 
 
When vegetative plants were examined (Appendix A, Tables 2.3.2.6a-d), leaf widths were 
greater in 2000 than in 1999 (Paired t-test, T= -2.58, p=0.019; Appendix A, Table 2.3.2.6a), 
marginally greater in 2001 than in 2000 (Paired t-test, T= -2.24, p=0.049; Appendix A, Table 
2.3.2.6b), not different in 2001 when compared to 2002 and not different in 2002 when 
compared to 2003 (Fig. 2.29). 
 
When the population of plants shifting between vegetative and budding states was examined, 
there was some correlation between leaf width and the change in state.  The leaf width 
increased for vegetative plants changing to a state with a flower bud (Pearson correlation = 
0.587, p<0.001; Appendix A, Table 2.3.2.7a).  Leaves were significantly wider for plants 
changing from vegetative to a budded state for three of the four intervals, 1999-2000, 2001-
2002 and 2002-2003 (Fig. 2.30) (Paired T-test, T<-4.90, p<0.016; Appendix A, Tables 
2.3.2.7bde).  However, when plants with a bud changing to a vegetative state were examined, 
no correlation was found with leaf width for the interval 1999-2002 (Pearson correlation = 
0.43, p=0.142; Appendix A, Table 2.3.2.8a).  Sample sizes were small (7 plants or fewer).  
There was no difference in leaf width of plants for each interval over the same period (Fig. 
2.30) (Paired T-test, T>0.94, p > 0.05; Appendix A, Tables 2.3.2.8b-d).  The interval 2002-
2003 showed a significant difference, with plants having greater leaf widths in the vegetative 
state than when a flower bud was present in 2002 (Paired T-test, T= -3.04, p = 0.023; 
Appendix A, Table 2.3.2.8e).  
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Figure 2.29 Change in leaf width between years for plants of Arachnorchis fulva in the “no 
change in state” category. Means plotted ± standard error.  Different letters (i.e. 
a or b) show a significant difference based on a paired t-test between years 
within an interval. 
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Figure 2.30 Variation in leaf width of plants of Arachnorchis fulva changing between the 
vegetative or ‘with bud’ states between years. Data pairs with different letters 
(e.g. a, b) within a time interval (e.g. 1999-2000) are significantly different. 
Means plotted ± standard error. * denotes a pair with only 2 samples. 
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2.3.5.4 Impact of grazing and collar removal on life state 
Grazing of plants was more common in some years than in others (Fig. 2.31) (Chi2= 31.24, 
p<0.001; Appendix A, Table 2.4.1).  There was significantly more grazing in 2001 than in 
1999, 2000 or 2002 (Chi-Square Test, Chi2>6.05, p<0.02; Appendix A, Table 2.4.1a-c), 
which had the same amount of grazing (Chi-Square Test, Chi2>6.05, p>0.05; Appendix A, 
Table 2.4.1d-f).  There was also significantly more grazing in 2003 than in 1999, 2000 or 
2002 (Chi-Square Test, Chi2>11.5, p<0.01; Appendix A, Table 2.4.1g-i).  The number of 
plants grazed for 2001 was not different from the number grazed in 2003 (Chi-Square Test, 
Chi2=0.41, p>0.05; Appendix A, Table 2.4.1j). 
 
Of the original population of 79, 28 individuals were grazed to ground level at some point 
between 1999 and 2002 (Fig. 2.32), totalling 32 instances of grazing to ground level (4 plants 
grazed to ground level twice).  There was equal probability that the plant grazed to ground 
level was vegetative or reproductive (Chi-Square Test, Chi2=3.27, p>0.05; Appendix A, Table 
2.4.2a).  In 19 cases out of 30, the plant was vegetative when grazed to ground level.  In the 
following year, only 3 of these plants (16%) had a flower bud.  Of the 11 cases where the 
plant was reproductive when grazed to ground level, four plants (36%) produced a flower bud 
in the following year.  There was no difference in the expected number of plants without a 
flower bud between the years before or after grazing to ground level (Chi-Square Test, 
Chi2=0.71, p>0.05; Appendix A, Table 2.4.2b).  There were two instances where a plant was 
grazed to ground level and it was undetermined as to whether or not it had a flower bud.  
However, the state following grazing to ground level was not correlated with the state prior to 
grazing.  One plant from which a collar was removed in September 2000, had an expanded 
flower at the time and produced a flower bud every year for the rest of the study period.  The 
leaf width of plants that were grazed to ground level was smaller in the year following grazing 
than in the year prior to grazing (Paired T-test, T=2.41, p=0.03; Appendix A, Table 2.4.2c).  
 144 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.31 Variation in grazing between years of the population of 79 plants of 
Arachnorchis fulva.  
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2.3.5.5 Reproductive biology 
When plants were artificially pollinated, capsule success ranged from 47 – 100% (Table 2.8).  
Hand-pollination resulted in significant increases in fruit set for A. tentaculata (Fisher’s Exact 
Test, p<0.001; Appendix A, Table 2.5.1) and A. phaeoclavia (Chi-Square Test, Chi2= 15.87, 
p<0.001; Appendix A, Table 2.5.2) (Table 2.8) when compared with total fruit set for the 
“natural pollination” groups of plants.  No plants set seed in the groups of plants designated to 
the “natural pollination” groups.  No pollinating insect was observed at any time and no 
pollen visible to the naked eye was transferred naturally to these flowers. 
 
For A. tentaculata, the hand cross-pollinated group increased fruit set to 47%, with grazing 
removing the flowers of 32% of the group (Table 2.8).  Grazing of flowers played a 
significant role in the failure of ovaries to form capsules (Fisher’s Exact Test, p<0.001; 
Appendix A, Table 2.5.3).  When all plants of A. tentaculata at the Inverleigh site were 
protected from grazing, capsule success was 100% irrespective of whether plants were cross-
pollinated or self-pollinated.  
 
For A. phaeoclavia at the Wartook site, fruit set increased from 0% in the group permitted to 
be naturally pollinated to 71% in the cross-pollinated group (21% grazed) and to 77% in the 
self-pollinated group (Table 2.8).  There was no difference in capsule success between cross-
pollinated or self-pollinated ovaries (Fisher’s Exact Test, p=0.801; Appendix A, Table 2.5.4).  
Grazing of flowers and abortion of ovules accounted for the remainder. 
 
There was no difference in the level of fruit set between ungrazed cross-pollinated or self-
pollinated plants of A. fulva at Deep Lead (Fisher’s Exact Test, p=0.878; Appendix A, Table 
2.5.5) (Table 2.8), but this was complicated by the small number in the self-pollinated group.  
Grazing of 29% of the self-pollinated group compounded the result.  All ungrazed, pollinated 
ovaries matured into capsules in the self-pollinated group, whereas one ovary failed to mature 
in the cross-pollinated group.  
 
Ovaries that failed to swell after pollination turned yellow or brown and shrivelled within a 
week.  In 2002, drought conditions were declared for the Deep Lead region and, regardless of 
pollination, all buds and flowers of the A. fulva population shrivelled during August and 
September prior to capsule formation. 
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Table 2.8 Pollination of flowers of Arachnorchis.  Capsule success is shown between 
natural, cross-pollinated and self-pollinated ovaries of three species of 
Arachnorchis.  Field sites: Wartook (W), Deep Lead (DL) and Inverleigh (IC). 
# specifies plants that were protected from grazing by cages.   
 
 
 
 
Species of 
Arachnorchis 
Pollination No. of 
flowers 
No. with 
undeveloped 
ovary 
No. 
grazed 
Capsule success 
(seed set) 
A. tentaculata DL Natural 46 40 (87%) 6 (13%) 0 
A. tentaculata DL Cross 19 4 (21%) 6 (32%) 9 (47%) 
 
     
A. tentaculata IC Cross 24 0 0 24 (100%)# 
A. tentaculata IC Self 20 0 0 20 (100%)# 
      
A. phaeoclavia W Natural 15 15 (100%)  0 
A. phaeoclavia W Cross 21 2 (8%) 5 (21%) 14 (71%) 
A. phaeoclavia W Self 22 5 (23%) 0 17 (77%) 
      
A. fulva DL Cross 39 1 (2.5%) 3 (7.5%) 35 (90%) 
A. fulva DL Self 7 0 2 (29%) 5 (71%) 
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2.3.5.6 Ovary diameter as a measure of reproductive success  
Ovary diameter increased significantly from pollination to seed set for A. phaeoclavia and A. 
tentaculata (Fig. 2.33) (Paired T-test, T< -18.07, p<0.001; Appendix A, Tables 2.6.1-2.6.4). 
Ovary diameters of A. phaeoclavia were not significantly different at pollination (Two-sample 
T-test, T=1.08, p=0.292; Appendix A, Table 2.6.5), but cross-pollinated flowers of A. 
phaeoclavia plants produced capsules of larger diameters than did self-pollinated individuals 
(Two-sample T-test, T=2.19, p=0.037; Appendix A, Table 2.6.6).  Ovary diameters of A. 
tentaculata at the Inverleigh site to be self- or cross-pollinated were not significantly different 
at pollination (Two-sample T-test, T= -0.15, p=0.885; Appendix A, Table 2.6.7).  There was 
also no difference between ovary diameters of self- and cross-pollinated flowers of A. 
tentaculata at harvest (Two-sample T-test, T=-0.11, p=0.917) (Fig. 2.6.8).   
 
Ovary diameters were significantly larger at harvest for cross-pollinated ovaries of A. fulva 
(Paired T-test, T= -6.66 p<0.001; Appendix A, Table 2.6.9), but there was no difference 
between ovary diameters at harvest compared with those at pollination for self-pollinated 
ovaries (Paired T-test, T= -2.71 p=0.053; Appendix A, Table 2.6.10).  Results were 
compounded by ovary diameters of the 2 groups differing at pollination (Two-sample T-test, 
T=3.96, p=0.003; Appendix A, Table 2.6.11), with the group to be cross-pollinated having 
larger ovary diameters. 
 
For A. fulva plants, cross-pollinated ovary diameters measured 18 days after pollination were 
significantly larger (Two-sample T, T= -2.29, p=0.028; Appendix A, Table 2.6.12) than 
measurements taken 36 days after pollination (harvested dry).  However, for A. phaeoclavia 
plants, the largest diameters were at harvest 28 days after pollination, rather than at 17 days 
post-pollination for both selfed (Two-sample T, T= -2.58, p=0.016; Appendix A, Table 
2.6.13) and cross-pollinated ovaries (Two-sample T, T= -2.78, p=0.009; Appendix A, Table 
2.6.14).  Measurements for A. tentaculata were taken only once after the initial recording of 
ovary diameters, 19 days after pollination. 
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Figure 2.33 Variation in ovary diameters for species of Arachnorchis between self- or 
cross-pollinated ovaries. Means plotted ± standard error.  Different letters (i.e. 
a and b) within a species group describes a significant difference. 
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2.3.6 Chemical testing of orchid embryos for viability 
 
2.3.6.1 Viability of orchid embryos across species 
Viability of cross-pollinated seeds ranged from 40-84% (Table 2.9) and the viability of 
different species of orchids differed significantly (Chi-Square Test, Chi2=90.84, p<0.001; 
Appendix A, Table 2.7.1).  Seeds of A. phaeoclavia were significantly more viable (Chi-
Square Test, Chi2>43.41, p<0.001; Appendix A, Tables 2.7.1a-c) than any other species of 
Arachnorchis tested (Table 2.9).  Arachnorchis venusta seeds were the least viable (Chi-
Square Test, Chi2>9.0, p<0.01; Appendix A, Tables 2.7.1d and 2.7.1e).  Viability of seeds 
from A. tentaculata and A. fulva were not significantly different from each other (Chi-Square 
Test, Chi2=0.0002, p>0.05; Appendix A, Table 2.7.1f).  
 
2.3.6.2 Viability of cross-fertilised embryos vs self-fertilised embryos 
All seeds from cross-pollinated ovaries recorded a significantly higher viability than that of 
the corresponding self-pollinated seed sample (Table 2.10) (A. tentaculata: Mood’s Median 
Test, Chi2=39.51, p<0.001; A. phaeoclavia: Mood’s Median Test, Chi2=46.76, p<0.001; A. 
fulva: ANOVA, F=36.45; p<0.001; Appendix A, Tables 2.7.2a-c respectively). 
 
For cross-pollinated seeds, those of A. phaeoclavia were significantly more viable (ANOVA, 
F=65.10, p<0.001; Appendix A, Table 2.7.2d) than those of A. tentaculata and A. fulva, which 
were not significantly different from each (Tukey's pairwise comparisons; Appendix A, Table 
2.7.2d).  When the viability of seeds from self-pollinations was compared, seeds of A. 
tentaculata were significantly less viable (ANOVA, F=5.17, p=0.007; Appendix A, Table 
2.7.2e) than seeds from A. phaeoclavia and A. fulva, which were not significantly different 
from each other (Tukey's pairwise comparisons; Appendix A, Table 2.7.2e). 
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Table 2.9 Viability (percentage of coloured embryos) of seeds by TTC test resulting from 
cross-fertilization that had been pretreated for 7 minutes in 0.1% available 
chlorine. n = total seeds. 
 
 
 
Species No. of 
capsules 
Age of seed 
(days) 
Percentage of coloured embryos  
     
A. tentaculata  18 58 51.4a n= 457 
A. phaeoclavia  34 68 77.0b n= 268 
A. fulva  8 82 51.7a n= 441 
A. venusta 12 58 42.0c n= 603 
     
 
Different letters (i.e. a and b) indicate a significant difference. 
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Table 2.10 Viability (percentage of coloured embryos) of seeds by TTC test resulting from 
cross- or self-fertilization that had been pretreated for 3 minutes in 0.5% 
available chlorine. n = total seeds. 
 
 
 
Species No. of 
capsules 
Age of seed 
(days) 
Percentage of coloured embryos  
mean ± standard error 
 
    
A. tentaculata (crossed) 25 131 67.6 ± 1.3a n= 1720 
A. tentaculata (selfed) 25 131 49.4 ± 1.3b n= 2039 
 
    
A. phaeoclavia (crossed) 19 130 84.2 ± 1.7c n= 1714 
A. phaeoclavia (selfed) 18 130 57.0 ± 0.9d n= 1812 
     
A. fulva (crossed) 13 156 68.1 ± 1.2e n= 1838 
A. fulva (selfed) 5 156 55.6 ± 1.2f n= 1857 
 
Different letters per pair (i.e. a and b) indicate a significant difference. 
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2.3.7 Slide-baiting for germination in the field  
No protocorms or seedlings were observed in any of the slide-baits placed in the field at any 
site.  At the Inverleigh Common site, most of the 97 slide-baits contained imbibed seeds and 
dry seeds that appeared healthy (Fig. 2.34).  Shrivelled, decayed seeds were found in 11% of 
slide-baits.  Hyphae were observed in 31% of slide-baits and plant roots were observed in 
34% of slide-baits.  Of the slide-baits containing plant roots, 91% also contained hyphae.  No 
seeds had developed beyond an imbibed embryo. 
 
None of the slide-baits from Deep Lead or Wartook had any germination of seeds and the 
slide-baits were not examined for the extra information recorded from Inverleigh Common. 
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Figure 2.34 Contents of slide-bait packets from Inverleigh Common using seeds of 
Arachnorchis tentaculata. 
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2.4 DISCUSSION 
Robust plants of A. fulva with large leaf area and width were most likely to flower and once in 
this state were highly likely to remain as flowering plants in the population, even when severe 
grazing or collar collection occurred.  Small plants, on the other hand, were unlikely to flower 
and environmental conditions had the combined effect of keeping plants in a non-flowering 
state or dormancy, or led to possible death.  For these reasons, seed collection or collection of 
collar material for extracting mycorrhizal fungi should be limited to robust, reproductive 
plants that are able to recover quickly from such events. 
 
2.4.1 Implications of rainfall 
The timing of rainfall was more important than the annual rainfall for a given year.  Rainfall 
in April was the most strongly correlated single month with an increase in leaf size for plants 
of A. fulva.  Plants emerged in late April and May and so this was probably a critical period of 
activity for the orchid and fungus and rainfall then provided ideal conditions for growth of the 
orchid.  Good moisture levels in early autumn, before the soil cooled after frosts, possibly 
promotes quicker development of the leaf primordium than if conditions are still dry.  Also, 
rainfall in April, resulting in large plants of A. fulva in August, possibly permits the 
development of larger than average replacement tubers for the following season, similar to 
Dactylorhiza (Leeson et al., 1991).  Leeson et al. (1991) observed a rapid increase in leaf area 
for Dactylorhiza after heavy rains in April, a response similar to that in the current study.  
 
Plants also responded positively to rainfall for the period from January to July. This was the 
period corresponding to mid-dormancy of tubers, break of dormancy and subsequent growth 
just prior to flowering in August.  Plants responded with an increased leaf width and leaf 
length when rainfall for this period increased compared with the year before. It is highly 
probable that other species of Arachnorchis would show a similar response as A. fulva, since 
the entire genus is summer-dormant with tubers resprouting in autumn.  Some variation might 
be expected, with some species entering and breaking dormancy later or earlier than A. fulva 
because of differences in annual rainfall at different sites.  However, the general pattern 
would probably be similar, with a critical month for rainfall linked with pre-emergence. 
 
Since there was no positive correlation between leaf size in August and rainfall in spring 
(September-October), it is likely that rainfall during this period was not critical to the 
robustness of plants in the following year, possibly because rainfall in spring was rarely 
limiting.  Rainfall during this period, above that necessary for growth, was probably assisting 
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to develop larger capsules and plumper seeds in plants that were reproductive, but not 
providing any additional benefit to vegetative plants.  A rainfall deficit for this period in 2002 
resulted in no capsules forming for that year. 
 
For cultivated plants of A. fulva, watering should probably be declining in October, with 
tubers in relatively dry soil through late November and December.  Watering should probably 
commence no sooner than late January or February, with plants receiving adequate water by 
late March to early April.  Plants that remain dry through April are unlikely to reach their full 
potential size since this was a critical period tied to increased rainfall.  A more invasive 
examination of some common species might shed further light on the link between the timing 
of rainfall and factors such as for the development of a flower primordium.  The development 
of flower primordia might also have a critical month linked to rainfall or watering, possibly, 
but not necessarily (Tatarenko and Kondo, 2003), the same as the month determined for the 
response of leaf size.  This would be important knowledge for the commercialisation of this 
genus as a horticultural asset, or for re-introducing large plants, already having a developing 
flower bud, to natural habitat. 
 
2.4.2 Soils for propagation 
Soils at all sites consisted of a free-draining, acidic, sandy loam.  Acidity ranged from pH 5.4-
5.9, indicating that the orchids and fungi co-exist under acidic conditions.  This suggests that 
the pH of any media planned for use in later experiments would need to be of a similar acidity 
to replicate conditions found in the wild.  All soils were very low in nutrients, characteristic of 
the dry woodland or heathland communities that these plants belong to.  A free-draining, 
nutrient poor soil mix based on a sandy loam would be expected to best replicate field 
conditions.  However, the soil mix might need to be more free-draining for potted culture than 
in the field if non-porous plastic pots were used, since dormant tubers are susceptible to 
rotting if the soil becomes too wet, particularly over summer (Richards et al., 1988).   
 
Organic carbon and leaf litter 
Small plants of A. fulva, assumed to be seedlings, only grew in areas of leaf litter or within a 
1-2 cm bed of moss.  Other authors (Case, 1964 cited in Rasmussen and Whigham, 1998; 
Leeson et al., 1991) have also noted the presence of orchid plants and/or seedlings 
(Platanthera blephariglottis and Dactylorhiza fuchsii respectively) growing in living moss.  
Plants of A. tentaculata and A. phaeoclavia were often associated with decaying logs or 
branches.  Similarly, Rasmussen and Whigham (1998) observed that germination of Tipularia 
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discolor was stimulated in substrates containing decomposing wood.  Plants of A. fulva did 
grow in ground devoid of an organic layer, but these were large, possibly adult plants.  
Conditions at the soil surface might have changed considerably from when these plants 
germinated; for example, bushfire or flash-flooding of the site may have removed the layer of 
organic material.  Soil organic carbon in the top 10 cm was no more than 1.7% at any of the 
tested sites.   
 
For ex situ cultivation it is likely that a layer of organic mulch on the surface of the soil, but 
little organic material (<1.7%) in the substrate would be beneficial.  A layer of mulch would 
probably maintain a moist microclimate for longer than when compared to bare ground, as 
well as providing nutrition for mycorrhizal fungi.  This microclimate might act to prolong the 
growth and establishment phase of seedlings, thereby allowing time for a tuber to develop.  
The mulch might also harbour a greater diversity of fungi than in surrounding areas.  The 
seeds and developing protocorms would have more opportunities to come into contact with 
the most effective mycorrhizal fungi, resulting in healthier orchid plants.   
 
2.4.3 Association with other plants 
Arachnorchis plants were most often observed growing in clusters and only rarely as isolated 
individuals and this may be related to the distribution of the mycorrhizal fungus required for 
germination.  The Australian species Caladenia arenicola (Batty et al., 2001b) and Pterostylis 
acuminata (Perkins and McGee, 1995) showed similar distributions of seedlings. 
 
Arachnorchis plants often grew in close association with other plants of the same species, 
with species of the Epacridaceae and within thick beds of moss.  The association with the 
Epacridaceae may simply be similar habitat/niche preferences or the result of protection from 
grazing.  Astroloma conostephioides was found at all sites and regularly had plants of 
Arachnorchis scattered around the edges or within the bush.  Astroloma conostephioides is a 
plant with small leaves, each with a sharp spine at the tip.  The prickly nature of this epacrid 
may have helped to protect Arachnorchis plants from grazing.  It was also likely that seeds 
from Arachnorchis plants would be collected within the Astroloma bushes and the presence of 
an appropriate mycorrhizal fungus in the leaf mulch of the Astroloma bush may have 
germinated the orchid seeds.  The combination of leaf mulch and wind protection would 
probably create a microclimate near the Astroloma bushes that held more moisture than 
surrounding areas.  A. fulva appeared less likely to form such associations, whereas  
A. phaeoclavia often grew in close association with A. conostephioides.  It is possible that a 
 158 
different distribution of plants existed at the A. fulva site in the past, but this could not be 
detected.  The beds of moss, for example Hypnum cupressiforme, would offer a similar 
microclimate, retaining more moisture than surrounding areas.  Orchid seeds might also be 
more likely to be trapped within the mossbeds than in a smoother surface such as bare ground.  
These observations are similar to those of Leeson et al. (1991) with Dactylorhiza fuchsii.   
 
The necessity for a germinating fungus such as S. vermifera (Warcup, 1971) suggests there 
might also be a link between Arachnorchis plants and non-orchid plants.  Isolates of  
S. vermifera can possibly form tripartite associations between orchids and non-orchid plants 
(Warcup, 1988).  It is possible that the conditions of extra moisture and high levels of organic 
matter make the microhabitat in moss plants and under Astroloma bushes particularly suitable 
for mycorrhizal fungi.  These fungi might have an active association with these species of 
Epacridaceae and/or the moss plants.  Such an association between mycorrhizal fungi, orchids 
and non-orchid plants has been shown to occur (Warcup, 1985, 1988).  Members of the 
Fabaceae were also common at most sites, but these plants produced little leaf mulch and 
most were not prickly, therefore not providing any protection or advantage in areas that were 
grazed.  Arachnorchis plants did not grow commonly with members of the Fabaceae.  
 
Grazing was certainly a common occurrence in the A. fulva population, but plant numbers 
increased over the 5-year period, suggesting that protection from grazing was not critical to 
seedling recruitment and survival of adult plants.  Also, plants of A. phaeoclavia were 
common around the edges of Astroloma bushes and vulnerable to grazing, rather than all 
growing within the bush and protected from grazing.  It is more likely that the microclimate 
provided by leaf litter and mossbeds of increased organic carbon and moisture favoured the 
survival and abundance of mycorrhizal fungi needed to germinate the orchid seeds.  This 
moister microclimate would also give the developing protocorms additional time to form 
tubers and combined with the ready access to organic carbon would allow the mycorrhizal 
fungi to provide a steady source of nutrition to the orchid protocorms for rapid growth.  As 
shown by the study on Caladenia arenicola (Batty et al., 2001b), seeds from adult orchids are 
more likely to fall close to the source and so this combination of seed source and suitable 
microclimate might account for seedlings and adult plants being clustered together.  
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2.4.4 Factors influencing flowering 
Size and grazing 
The correlation of flowering with leaf width and leaf length suggests that A. fulva plants need 
to be sufficiently large before being able to produce a flower bud.  This finding is akin to 
those of Snow and Whigham (1989) with Tipularia discolor, Whigham and O’Neill (1991) 
with Liparis lilifolia and Wells and Cox (1989) with Ophrys apifera.  Large, rather than 
small, leaf areas would permit a greater contribution from photosynthesis to individual 
orchids.  This contribution of photosynthesis is likely to result in larger tubers, assisting the 
plant to remain in a flowering state.  Plants did not cease flowering when a significant loss of 
leaf material occurred, such as when plants were grazed to ground level.  Grazing of the leaf 
tip (<30% total area) did not affect the ability of the plant to flower in the following year.  
Such findings are similar to those of Aragon and Ackerman (2001) suggesting that 
reproductive effort is not linked to the current year.  Deliberate removal of the leaf in 
consecutive years would be required to determine any detrimental effects to the plants in 
relation to the ability to produce a flower bud.  Deliberate removal of the leaf is likely to 
diminish the size of the tuber, since tuber resources rather than photosynthesis would be used 
to sustain the plant.  This reduction in tuber size is likely to change the plant from a flowering 
to a non-flowering individual.   
 
The input of nutrition from photosynthesis does provide a significant contribution to the 
overall vigour of individual A. fulva plants.  A loss of vigour was detected, with plants having 
smaller leaf widths in the following year, when plants were grazed to ground level before 
August, when maximum leaf expansion and flowering occurred.  Smaller leaf areas have been 
noted for Tipularia discolor (Snow and Whigham, 1989) and Dactylorhiza maculata (Vallius, 
2001) following defoliation in the previous year.  Unlike Calvo (1990b) with Cyclopogon 
cranichoides, where small plants that had suffered loss of the entire leaf were unlikely to 
emerge in the following year, most plants had sufficient reserves to reappear the following 
year after grazing to ground level.  Only one plant (no. 25) failed to emerge after grazing to 
ground level and this was a small plant with a leaf width of only 1mm in early July.  As 
reported by other investigators, for example Willems and Bik (1991) with Orchis simia, 
nutrition from mycorrhizal input alone does not appear to be sufficient to maintain robust, 
healthy orchids capable of appearing every season and reproducing.  However, the system 
does appear to have some buffering capacity for orchids of average and above-average size. 
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Collar removal (or grazing to ground level) from a reproductive plant of A. fulva did not 
reduce subsequent flowering.  This was a similar finding to that of Vallius (2001) with a leaf 
removal study using Dactylorhiza maculata.  Whereas some small, vegetative plants of A. 
fulva did not re-emerge following grazing to ground level, most large reproductive plants had 
sufficient reserves to survive and even flower in the next growing season.  It was probable 
that these plants had a tuber sufficiently large enough to produce leaf and flower primordia for 
the following year.  Plants with very small leaf widths, such as plant no. 25, were likely to 
have small tubers that had utilised all stored starch prior to the commencement of the next 
growing season.  As such, the once-only removal of collar material from a robust A. fulva 
plant would not impact on its ability to flower the following year.  
 
Cessation of flowering 
The number of plants that ceased flowering was too few to link the change with the year 
analysed.  However, it is possible that a combination of drought, grazing, capsule production 
and small size contributed to this change, similar to the decrease in biomass (and therefore 
ability to flower) shown for Tipularia discolor (Whigham and O’Neill, 1991).  There was no 
difference in leaf width between the year prior to and for the year the plants did not flower, 
and so a combination of factors appears to be the most likely explanation.  Most plants 
continued flowering through and after dry years, and after grazing to ground level.  For plants 
that cease flowering, general health, size and the history of an individual might assist with 
explaining the response to the environment.  It is likely that the groups of plants that cease 
flowering will always be a small proportion of a healthy population since these individuals 
contribute least to the gene pool.   
 
Monitoring more than once during the year also assisted with explaining the behaviour of 
certain individual orchids.  This was particularly so when grazing to ground level at the main 
census date (flowering) meant that the plant was not found and leaf width could not be 
measured to determine the size of the plant prior to grazing.  Equally, the effect of seed 
production on subsequent vigour and flowering can only be determined if a second census is 
taken near harvest to determine which plants set seed.  Many populations are only monitored 
at flowering (Willems, 1982; Farrell, 1991; Gregg, 1991; Primack and Stacy, 1998) and this 
can severely underestimate the number of plants in a population (Wells and Cox, 1991) as 
well as failing to describe adequately the fate of individuals. 
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Rainfall 
Rainfall was an important factor that contributed to the size of plants, and therefore flowering, 
as well as the ability of plants to produce mature seed capsules.  The lack of rainfall in 2002 
resulted in flowers not opening or forming capsules after pollination.  All flowers of A. fulva 
withered and died in 2002.  A similar finding was observed for Ophrys apifera (Wells and 
Cox, 1989).  Whigham and O’Neill (1991) found no clear relationship between flowering and 
seasonal conditions for Tipularia discolor and Liparis lilifolia, as did Wells and Cox (1991). 
However, 55% of plants of A. fulva at Deep Lead produced a bud in 2003, following drought.  
This was less than the proportion that flowered in the previous, drought year and possibly 
indicates a reduction in tuber size or resources because of that year.  
 
It is also possible that A. fulva is better able to respond to increased rainfall.  Good rainfall for 
the first half of 2003 possibly assisted in replenishing the reserves of most tubers and/or 
emerging plants, since rainfall during this period was correlated with increased leaf width 
during winter flowering.  Supplementary watering of summer-dormant Australian orchids 
during an unseasonably dry autumn period might assist in increasing plant size and potentially 
increase the proportion of flowering plants in a population.  Additional supplementary 
watering to assist capsule formation might also be useful if conditions remain dry, but care 
would need to be given as to when to cease watering.  Unnatural watering at the end of the 
growing season might impact on dormancy by reducing tuber health.   
 
Drought conditions do enable the resting of individuals from the fruiting cycle, but the effects 
of drought on tuber size and replacement for Arachnorchis are not known directly.  The 
ability of many summer-dormant Australian species to withstand drought suggests there might 
be different levels of dormancy operating in different climates.  The inability of Ophrys 
apifera to produce flowers after drought (Wells and Cox, 1989) suggests that this species is 
neither truly dormant nor truly protected from lack of moisture.  True dormancy or lack 
thereof, has implications for watering regimes during management of ex situ plants during the 
dormant period.  A much broader examination including more species and climates is 
required to test this hypothesis. 
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2.4.5 Reproductive biology 
Hand-pollination leading to capsule success 
In Arachnorchis plants, the increase in fruit set following hand-pollination suggested that fruit 
set was pollen-limited, similar to Caladenia arenicola (Batty 2001, cited in Batty 2001b), 
Cyclopogon cranichoides (Calvo, 1990b) and Cypripedium acaule (Primack and Stacy, 1998).  
Cross-pollination of orchid flowers often significantly increases seed production when 
compared with open-pollinated populations, such as with Platanthera ciliaris (Robertson and 
Wyatt, 1990).  No pollinating insects were observed at any of the sites and it is likely that this 
lack of activity by pollinators was the main reason for the absence of fruit set from natural 
pollination.  Rarity of orchids is associated with low seed set (Waite et al., 1991).  When 
hand-pollinated, fruit set occurred after either cross- or self-pollination, suggesting that the 
barrier to fruit-set was neither self-incompatibility nor non-viable pollen.  Fruit set occurring 
after cross- or self-pollination might be an adaptation to a rarity of pollinators, or pollination 
events, resulting in successful fruit set regardless of whether or not the plant was out-crossed.   
 
Arachnorchis plants do not offer a nectar reward and nectarless orchids are less successful in 
setting fruit than are nectariferous species (Neiland and Wilcock, 1998).  Indeed, Neiland and 
Wilcock (1998) have correlated the lack of a nectar reward with rarity of orchids of the 
British Isles.  This observation holds true for Arachnorchis as well, since of the 42 described 
taxa for Victoria (DSE, 2003), 37 have a threatened status.  
 
However, fruit set failed to occur in a number of instances when pollen was transferred to 
open flowers.  Some of the possible factors leading to this failure included: non-receptive 
flowers, removal of flowers by grazing and lack of sufficient soil moisture.  For Cypripedium 
calceolus var. pubescens and Epipactis helleborine, age of flowers at pollination played a 
factor in fecundity (Light and MacConaill, 1998).  However, in many cases of orchids that do 
not produce nectar rewards, extreme pre-pollination floral longevity and extended post-
pollination female receptivity occurs (Neiland and Wilcock, 1998).  Arachnorchis plants fit 
this description, with flowers remaining open for up to 3 weeks.  Flowers that were pollinated 
prior to receptivity may have resulted in aborted ovules in some instances.  However, once 
pollinated, flowers of Arachnorchis closed within a week, preventing further pollination by an 
insect, even if the stigma was still receptive.   
 
In several cases, grazing was the dominant factor in the loss of flowers and capsules, and 
protection of plants by caging reduced the impact of grazing to zero.  Populations of orchids 
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that are exceptionally rare would need to be protected from grazing to allow seed production 
to occur for the recruitment of the next generation.  Drought conditions in 2002 led to the 
shrivelling of all ovules including those that had been pollinated, a result similar to 
Stephenson (1981; cited in Neiland and Wilcock, 1998).  Hand-watering of wild plants, such 
as for A. hastata (A. Pritchard, Dept. Sustainability and Environment pers. comm.) would be 
necessary if it was imperative to collect seed in an unusually dry year. 
 
Size of capsules 
Capsule maturation, season and speed of development of seeds may affect survival and/or 
rarity of species in the wild.  The rapid development of seeds and delayed growth of the ovary 
until after pollination would account for a considerable cost saving in a drier climate, such as 
in Australia.  Plants of A. phaeoclavia and A. tentaculata began with relatively small ovary 
diameters and the ovary swelled considerably after pollination.  However, by comparison, 
ovaries were relatively large before pollination for plants of A. fulva.  After pollination there 
was much less increase in capsule diameter for this species.  Ovary and capsule diameters 
need to be measured for several seasons to confirm one season’s observations, but several 
explanations for the difference in diameters exist. 
 
It is possible that ovaries of A. fulva contain more space for the developing seeds than in the 
other two species.  It is also possible that A. fulva uses a potentially less efficient timing of 
resource allocation than the two common species.  Ovary swelling and further development 
only occurs in A. phaeoclavia and A. tentaculata after a successful pollination event.  By 
contrast, early channelling of resources to the ovaries of A. fulva allows development to a 
nearly final diameter.  These resources are wasted if the flower fails to be pollinated.   
 
On the other hand, for species that require longer for seeds to mature, enlargement of the 
ovary prior to pollination might make use of resources before they become limiting.  Capsule 
maturation time has been linked with the taxonomic position of a species (Tatarenko and 
Kondo, 2003) and this observation was valid when comparing A. fulva with A. phaeoclavia 
and A. tentaculata.  Capsules of both A. phaeoclavia and A. tentaculata mature later in the 
year compared with those of A. fulva, but do not take as long to mature.  Capsule maturity for 
the former two species takes only about 4 weeks, whereas 6.5 weeks are required for capsules 
of A. fulva to reach maturity and final maturation of seeds usually occurs after the leaf has 
senesced.  Larger capsules would probably require more resources to be drawn from the tuber 
than in A. phaeoclavia and A. tentaculata with smaller capsules.  There would be a saving of 
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energy to the tuber during seed maturation later in the year if the main growth of the capsule 
occurred while the plant was still photosynthesising.  With a warming planet and the likely 
drier conditions for Australia, it is possible that A. fulva, with its longer seed maturation time 
and dry inland site, will be at a disadvantage compared with A. phaeoclavia and  
A. tentaculata, which will lead to a continuation of its endangered status.  
 
Cross-pollination vs self-pollination 
There was a greater proportion of viable seeds in samples of seeds from cross-pollinated 
plants.  Arachnorchis phaeoclavia possessed the most viable seeds when capsules survived to 
maturity and was the most abundant species of Arachnorchis in the study. All three species, 
A. phaeoclavia, A. tentaculata and A. fulva, were self-compatible.  This confirms the 
observation by Peakall and Beattie (1996) that A. tentaculata was self-compatible.  It is likely 
that other species of Arachnorchis will be self-compatible (Bickerton, 1998).  The option of 
self-fertilisation would therefore be useful to managers for populations containing few 
individuals.  However, it would be preferable to cross-pollinate plants as this resulted in a 
greater proportion of viable seeds per capsule.  If it became necessary to rescue a population 
using translocation, it would be preferable to rescue plants from areas scattered within the 
population, rather than choosing plants from a single patch. This strategy would maintain 
potentially a higher level of genetic diversity when these plants were cross-pollinated for seed 
to increase the population at a later date.   
 
Similar to Bickerton (1998), there was no difference between diameters of self- or cross-
pollinated ovaries for A. tentaculata, but there was a difference for ovaries of A. phaeoclavia, 
with cross-pollinated ovaries larger than self-pollinated ones.  Larger, cross-pollinated ovaries 
may indicate a greater number of viable seeds had developed compared with the number 
developed from self-pollinated flowers, but this was not tested due to small seed size. 
 
2.4.6 Slide-baiting 
Slide-baiting of Arachnorchis in the current study was not an effective means of locating 
associated fungi and success in other studies has been low (Batty et al., 2001b).  The lack of 
germination recorded from any of the seed-baiting packets contrasted with the results of 
Rasmussen and Whigham (1993) with Corallorhiza odontorhiza, Goodyera pubescens and 
Galearis spectablis.  However, there was no germinaiton of Liparis lilfolia or Tipularia 
discolor within the first 12 months of study (Rasmussen and Whigham, 1993).  Seeds of three 
Arachnorchis spp. tested in this study had most often imbibed or remained in a dry, seemingly 
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dormant state.  These seeds were not tested for viability.  Fungal hyphae were present in many 
slide-baits but germination of orchid seeds was not promoted.  Dry periods were experienced 
at all field sites during the “wet” winter period, but hand-watering was not conducted.  Batty 
et al. (2001b) recovered 808 packets of A. arenicola seeds with only 14% of packets 
recording successful germination of seeds.  In an earlier experiment, no field germination was 
recorded for either A. arenicola or Pterostylis sanguinea (Batty et al., 2000).   
 
Dry conditions may have significantly affected the results of the current study.  Some 
additional packets (140) of A. hastata were prepared for DSE and two packets contained 
young seedlings and protocorms after 5 months (A. Pritchard, DSE, pers. comm.).  This was 
the Point Danger site at Portland, which provided moist soil conditions for extended periods 
of time and additional hand-watering probably contributed to successful protocorm 
development. 
 
2.4.7 Summary 
For populations of Arachnorchis to survive, plants had to be large enough to flower and had 
to set seed.  Large plants tended to remain large and flowered regularly regardless of 
environmental conditions within a given year, whereas small plants either progressed to 
flowering or remained small and rarely flowered.  Collection of collar material for extraction 
of mycorrhizal fungi should be limited to large, reproductive plants able to recover quickly 
from the event.  A comparison of fungal isolations from reproductive and vegetative plants 
would indicate if reproductive plants also harbour the most effective fungi for germinating 
seeds.  These fungi might be able to germinate seeds of a range of common and threatened 
species of Arachnorchis.  Arachnorchis plants were pollination-limited and low seed set 
probably contributes to the rarity of many species.  To guarantee seeds for future experiments, 
plants should be cross-pollinated to produce the most viable seed.  Potted collections of plants 
would assist with seed availability, since plants could be pollinated easily and grazing could 
be prevented.  Watering regimes that keep tubers dry during summer dormancy and provide 
adequate moisture during April would be likely to contribute to producing large, robust plants 
capable of flowering annually. 
 
The conclusions from this study of field biology were used in attempts to establish such 
potted collections.  The experiments described in the next chapter were one stage in this 
process and were designed to: 
1) determine the optimal seed surface sterilisation method for Arachnorchis seeds, 
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2) determine which fungal isolates could germinate Arachnorchis seeds, 
3) describe the development of Arachnorchis protocorms that resulted from a compatible 
fungal association, and 
4) determine if one fungal isolate could germinate seeds of a range of species. 
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3.1 INTRODUCTION 
 
Orchid seeds can be germinated in the laboratory using symbiotic (with fungus) and 
asymbiotic methods.  In this study, germination experiments were restricted to using the 
symbiotic method, as this method was deemed more appropriate from previous experience 
(Rasmussen, 1995) for the eventual return of seedlings to the natural environment (Hadley 
and Pegg, 1989).  Orchid seedlings of other genera germinated with an appropriate, 
compatible fungus have shown more rapid and vigorous growth than seedlings obtained 
without the symbiont (Rasmussen et al., 1991; Jorgensen, 1995; Tomita and Konno, 1998; 
Markovina and McGee, 2000).  Survival of symbiotic seedlings outside the laboratory was 
also expected to be higher (Hadley and Pegg, 1989; Zettler and McInnis, 1992).  Symbiotic 
and asymbiotic germination of seeds used aseptic (sterile) conditions and required that dry, 
mature seeds be surface-sterilised.   
 
3.1.1 Protocorm development 
Under natural conditions, a mycorrhizal fungus must infect seeds of terrestrial orchids if the 
seeds are to germinate (Arditti et al., 1990).  Initial infection of imbibed Pterostylis seeds 
occurred by penetration of the testa by hyphae and directed growth of hyphae through the 
suspensor cells (Clements, 1988).  In other orchids, like Dactylorhiza, hyphae entered the 
protocorm via the rhizoids (Rasmussen, 1990a). Leptoceras menziesii, a species closely 
related to Arachnorchis, was included in Clements’ study but failed to develop beyond a 
protocorm “twice its original size”.  Clements (1988) suggested that viable orchid seeds were 
able to exclude all but the most vigorous fungi (such infection would lead to the death of the 
embryo), while having no resistance to compatible fungi.   
 
Hyphae penetrated the cortical cells of the Pterostylis orchid embryo and formed pelotons 
within these cells 6-8 days from sowing.  Clements (1988) stated that the presence of pelotons 
was the first indication of a compatible mycorrhizal association and that germination had 
commenced.  In contrast, Zelmer and Currah (1997) often observed the failure of Spiranthes 
seeds to develop following peloton formation in both field-incubated and in in-vitro, 
symbiotically germinated seeds. 
 
Following peloton formation in Pterostylis, meristematic cells began to divide and grow 
(Clements, 1988).  In compatible associations, meristematic cells remained free from fungal 
invasion (Rasmussen, 1990a).  The protocorm enlarged and rhizoids were produced.  Hyphae 
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used rhizoids as a means of exiting the protocorm in Pterostylis (Clements, 1988).  In many 
terrestrial orchids, particularly those from the Northern Hemisphere such as Dactylorhiza, 
rhizoids developed prior to fungal infection and hyphae used the rhizoids to enter the 
protocorm (Williamson and Hadley, 1970; Rasmussen, 1990a, 1995).  For Pterostylis, the first 
leaf emerged from the apex of the protocorm and this was soon followed by a root or dropper, 
which eventually developed into a tuberoid at, or near, the growing point.  The development 
of protocorms of Arachnorchis was studied in this chapter. 
 
3.1.2 Factors affecting germination 
Failure of seeds to germinate may be attributed to a number of factors.  These include low 
viability of the original seed sample (Shoushtari et al., 1994) (Chapter 2), ineffectiveness of 
the fungal isolate (Markovina and McGee, 2000; Chang and Chou, 2001), dormancy (Ballard, 
1987; Rasmussen, 1992; Miyoshi and Mii, 1998), components lacking in the media (Arditti, 
1967; Tomita and Tsutsui, 1988; De Pauw and Remphrey 1993; Islam et al., 2000), pH 
requirements (Reyburn, 1978; Hicks, 2000), toxic chemicals (Ernst, 1974; Yam et al., 1990), 
light inhibition (Rasmussen et al., 1990a; Zettler and McInnis, 1994) and temperature 
inhibition (Rasmussen et al., 1990b; Zettler et al., 2001).  There is also evidence that effective 
fungi lose their effectiveness after a period of time in culture (Alexander and Hadley, 1983; 
Zelmer and Currah, 1997).  Viability and chemical testing of seeds, and the effectiveness and 
specificity of the fungal isolate, were examined in this chapter. 
 
3.1.2.1 Viability of seeds and surface-sterilisation 
The viability of a seed sample is required knowledge, particularly for storage of seeds or for 
experimental purposes.  The effectiveness of fluorescein diacetate (FDA) (Pritchard, 1985) 
and tetrazolium chloride (TTC) (Van Waes and Debergh, 1986; Vujanovic et al., 2000) for 
chemical viability testing was examined in this chapter.  Surface-sterilisation of seeds during 
the sowing phase of orchid propagation is a possible factor reducing the apparent viability of 
seeds. Protocols for surface-sterilisation of Australian orchid seeds vary and have been 
suggested as 15-20 minutes in 20% “Milton” (Warcup, 1971), 2-5 minutes in 0.5% NaOCl 
(Clements and Ellyard, 1979), 1-2 min in 0.5% NaOCl (Ramsay et al., 1986), 5 minutes in 
1% NaOCl (Jusaitis and Sorensen, 1993) to, more recently, 10 minutes in 1% active chlorine 
(Batty et al., 2000, 2001a).  Results gained from chemical testing of orchid seeds for viability 
have sometimes differed from results gained using germination testing (Batty et al., 2001a c.f. 
Tomita and Konno, 1998), but apparent differences in the preparation of seeds prior to each 
test might have contributed to the difference in results.  Surface-sterilisation of Arachnorchis 
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seeds was examined in this chapter as a possible reason for the low germination levels 
reported for this genus (Warcup, 1971; Marven, 1996; Lucas, 1997; Batty et al., 2001a).  If it 
is known that the number of viable seeds in a sample remains high after surface-sterilisation, 
then another set of factors, possibly associated with the fungal culture, may be preventing 
seeds from germinating (Warcup, 1975).   
 
3.1.2.2 Specificity of fungi 
Pelotons isolated from an orchid may not belong to a fungus capable of promoting 
germination (Markovina and McGee, 2000), and for propagation purposes there is a need to 
isolate mycorrhizal fungi that germinate orchid seeds reliably.  Isolation of effective 
mycorrhizal fungi is a “hit and miss” affair for many orchid species (Warcup, 1971, 1981; 
Alexander and Hadley, 1983; Perkins et al., 1995; Chang and Chou, 2001; Takahashi et al, 
2001).  This inefficiency is a contributing factor to the popularity of asymbiotic methods even 
though asymbiotic orchid seedlings are often not as vigorous as those derived from symbiotic 
means (Rasmussen et al., 1991). Mycorrhizal fungi are present throughout the life-span of 
terrestrial orchids.  Pelotons can be isolated from orchid plants, whether they are protocorms, 
seedlings or mature adults (Ramsay et al., 1986).  Sometimes pelotons are composed of 
several fungi (Kristiansen et al., 2001; Huynh et al., 2004).  These fungi may be peloton-
forming endophytes that invade the orchid some time after germination has occurred 
(Peterson et al., 1996), leading to the possibility of several morphologically similar or 
dissimilar fungi in a culture isolated from even a single peloton (Kristiansen et al., 2001).   
 
There has been much contention as to the specificity of these fungi.  Some authors working on 
Northern Hemisphere orchids have indicated little, if any, specificity is apparent (Curtis, 
1939; Harvais and Hadley, 1967a; Hadley, 1970).  Australian researchers have used symbiotic 
germination testing as evidence of some degree of specificity, particularly among taxonomic 
groups of orchids.  Arachnorchis and a few closely related taxa were commonly associated 
with the fungus Serendipita vermifera (syn. Sebacina vermifera) and very rarely with the 
fungi Tulasnella calospora and Hyphodontia sp. (Warcup, 1971).  Although S. vermifera was 
isolated from Arachnorchis plants, germination of Arachnorchis seeds using these isolates 
met with limited success, with few protocorms developing a green leaf (Warcup, 1971, 1988).  
Even when germination is reported as successful, germination is often defined simply as 
splitting of the testa (Arditti, 1967; Pritchard, 1985).  This definition may not be an adequate 
measure of the compatibility and therefore specificity of the fungal culture under test.  Both 
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Williamson and Hadley (1970) and Warcup (1973) have noted that compatibility of the 
fungus-protocorm relationship can fail at any stage.   
 
3.1.3 Isolating compatible fungi 
To improve the efficiency of germinating orchid seeds symbiotically, information needs to be 
obtained as to when and how to collect the most effective fungal isolates.  It is possible that 
isolation of mycorrhizal fungi from certain orchid plants and at particular times of the year 
(Masuhara et al., 1988; Huynh et al., 2004) produces cultures that are more effective at 
germinating orchid seeds than in other instances, but little systematic investigation has 
occurred.  Mycorrhizal fungi are present in actively-growing orchids either throughout the 
year (Ramsay et al., 1986; Masuhara et al., 1988) or only during the growth (non-dormant) 
period (Ramsay et al., 1986), but some fungi are more commonly isolated than others.  Rarely 
is it noted whether or not the effective isolated fungi come from vegetative or reproductive 
plants (Ramsay et al., 1986).  The minimal effect of grazing to ground level on robust, 
reproductive Arachnorchis plants (Chapter 2) suggested that there was a very good symbiosis 
between the plant and the mycorrhizal fungus. 
 
3.1.4 Aims 
In this chapter, germination of Arachnorchis seeds with fungi isolated from Arachnorchis 
plants was examined and compatible reactions were documented to obtain baseline 
expectations from compatible fungi.  A compatible fungus was defined as a fungal isolate able 
to establish a stable mycorrhizal relationship, resulting in a fast-growing seedling with a green 
leaf (Rasmussen, 1995), not merely an isolate successful at germinating seeds.  A preliminary 
investigation of factors improving the likelihood of isolating fungi effective at germinating 
seeds was conducted for Arachnorchis.  The reasons for the often-reported low levels of 
germination of Arachnorchis seeds (Warcup, 1971; Batty et al., 2001a) were examined, using 
factors including seed-surface sterilisation, fungal isolate compatibility and specificity. 
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3.2 MATERIALS AND METHODS 
General methods 
 
3.2.1 Isolation and purification of fungal isolates 
During the course of this study numerous fungi were isolated and maintained in culture.  
These were isolated at various times of the year and at different stages of the orchid’s 
development (Table 3.1) by slicing through the stem-collar 2-3 cm below ground level using a 
sharp scalpel blade.  Collars were placed into individually labelled, plastic zip-lock bags 
containing a moist tissue and stored at 4oC until fungal pelotons were extracted, always within 
4 days of collar collection.  Several fungal isolates were cultured from every orchid collar.   
 
Pelotons were extracted following a method modified from Clements and Ellyard (1979).  
Briefly, collars (Fig. 3.1) were thoroughly washed under running tap water to remove soil and 
the remains of the old sheath.  The leaf was cut back to 2 mm long and the collar surface-
sterilised in 1% (v/v) sodium hypochlorite for 3 minutes.  The following procedures were 
performed in a Gelaire® laminar flow cabinet.  The collar was rinsed (3 rinses x 3 min each) 
in sterile deionised water and placed in a few millimetres of sterile water in a glass Petri dish.  
The plant material was then viewed using a Zeiss dissecting microscope (surface-sterilised 
with 70% (v/v) ethanol and treated with UVC light for 30 min).  Each collar was 
longitudinally dissected and pelotons were scraped from the orchid cells using a flamed 
mounted needle.  Pelotons were removed by sterile glass pipette in a drop of water to a 90 mm 
sterile plastic Petri dish and covered by cool sterile fungal isolating medium (FIM) (Table 
3.2).  These original Petri dishes were referred to as “mother plates” (Fig. 3.2).   
 
Although the antibiotic streptomycin sulphate was generally included in the medium of 
mother plates at 100 mg/L, bacteria were often present.  Purification of fungal cultures was 
usually achieved using “window plates” (Clements, 1988).  Window plates were poured in 
such a way as to leave part of the Petri dish clear of agar.  Fungal hyphae grow more quickly 
than bacterial colonies and cross the gap to the agar more rapidly, leaving the bacteria behind.  
Two approaches were used.  The first involved transferring a block of agar containing a 
growing peloton directly to a window plate for purification.   
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Table 3.1 Details of collars collected from orchid plants. 
 
 
 
 
Species Systematic 
group 
Collar code Collection 
site 
Collection date 
(dd/mm/yyyy) 
 
    
A. amoena A. dilatata CALAAMOER36* Wattleglen 02.11.2000 
 
    
A. phaeoclavia 
 CALAPHAER13* St Andrews 07.09.1999 
 
 CALAPHAER18* Wartook 14.11.1999 
 
 CALAPHAER21 Wartook 14.05.2000 
 
 CALAPHAER25 Wartook 22.05.2000 
 
    
A. tentaculata 
 CALATENTR1 Inverleigh 17.06.1999 
 
 CALATENTR2 Inverleigh 17.06.1999 
 
 CALATENTR15* Mt Sturgeon 01.11.1999 
 
 CALATENTR16 Inverleigh 03.11.1999 
 
 CALATENTR17* Wartook 14.11.1999 
 
    
A. clavigera A. clavigera CALACLAVR12 St. Andrews 07.09.1999 
 
    
A. fulva A. patersonii CALAFULVR3 Deep Lead 28.06.1999 
 
 CALAFULVR4 Deep Lead 28.06.1999 
 
 CALAFULVR22 Deep Lead 14.05.2000 
 
 CALAFULVR26 Deep Lead 22.05.2000 
 
 CALAFULVR27 Deep Lead 02.07.2000 
 
 CALAFULVR28* Deep Lead 06.09.2000 
 
 CALAFULVR29* Deep Lead 06.09.2000 
 
    
A. venusta 
 CALATENTR8 Anglesea 04.07.1999 
 
 CALATENTR9 Anglesea 04.07.1999 
 
    
A. hastata A. reticulata CALAHASTR37 Portland 01.11.2000 
 
 CALAHASTR38 Portland 01.11.2000 
 
    
A. robinsonii 
 CALAROBNR11 Rosebud 20.07.1999 
     
 
* these plants had a bud or flower 
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Figure 3.1 Collar material used for the extraction of fungal pelotons.  Collar shown is of 
Arachnorchis fulva.  Pelotons were most concentrated in the area marked 
“collar region”.  Scale bar = 1 cm. 
Collar 
region 
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Table 3.2 Media used for growing fungal cultures 
 
 
 
Ingredient Amount (g) 
 
Fungal Isolating medium (FIM)  
(Modified from Clements & Ellyard 1979) 
 
originally 
Sodium nitrate  NaNO3 0.5 0.3 
Magnesium sulphate  MgSO4.6H20 0.1 0.1 
Potassium chloride  KCl 0.1 0.1 
Potassium phosphate KH2PO4 0.2 0.2 
Sucrose 5.0 5.0 
Yeast extract 0.1 0.1 
Agar 10.0 10.0-12.0 
Streptomycin sulphate (optional) 0.1 0.05 
Deionised water Made up to 
1000 mL 
Made up to 
1000 mL 
  
Oatmeal medium 
(Modified from Warcup 1981) 
 
originally 
Sucrose 10.0 0 
Ground oatmeal 2.5 2.5 
Yeast extract 0.1 0 
Agar* 10.0 12.0 
Deionised water Made up to 
1000 mL 
Made up to 
1000 mL 
 
*6 g/L was used for softer medium for adding to germination plates 
 
Liquid oatmeal medium 
 
Sucrose  10.0 
Ground oatmeal  2.5 
Yeast extract  0.1 
Deionised water  Made up to 
1000 mL 
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C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2 Original “mother plate” of CALAROBN R11 (Arachnorchis robinsonii 
endophyte) showing the individual colonies (C) formed from the growth of 
individual pelotons.  Petri dish diameter of 9 cm. Medium was FIM. 
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The second involved an intermediate step where the growing peloton was transferred onto 
oatmeal medium (Table 3.2) for 7-14 days and then a 5 mm block of agar was cut from the 
active hyphal front and transferred to a window plate for purification.  The second approach 
often resulted in a culture free from bacteria more quickly than when the intermediate step 
was omitted.  A gap of 2 mm was allowed between the block of agar and the fresh FIM of the 
window plate.  If cultures proved difficult to purify using window plates, cultures were again 
sub-cultured onto FIM containing the antibiotic streptomycin sulphate at 100 mg/L or 
gentamycin at 25 µg/L. 
 
3.2.2 Sowing of seeds 
Seed samples were collected from a wide range of orchids (Table 3.3), most of which 
belonged to the genus Arachnorchis, but other genera were also sampled.  Mature, dry seeds 
were removed from the refrigerator and equilibrated at room temperature.  A sample of seeds 
(1500-3000) was placed into a 35 mL polycarbonate tube and soaked in a 0.5% (available 
chlorine) solution of sodium hypochlorite (i.e. 5 mL Domestos® [sodium hypochlorite 52.5 
g/L, available chlorine 5% w/v, sodium hydroxide 12.5 g/L, alkaline salts 0.5 g/L] diluted to 
50 mL with deionised water).  The time of soaking depended on the experiment, but 3 
minutes was used for general germination testing.  Seeds were regularly agitated during the 
soaking period.  All the following procedures were performed in the sterile environment of a 
Gelaire® laminar flow cabinet using sterile deionised water and equipment (Fig. 3.3).  Seeds 
were transferred in a plugged glass pipette to a filter paper (Whatman No. 1) raft (25 mm x 25 
mm), on a Buchner funnel under vacuum.  Seeds were rinsed with deionised water while 
under vacuum and then washed from the filter paper with more deionised water into a 50 mL 
glass beaker.  A new piece of filter paper was placed on the vacuum flask and seeds were 
filtered out as before and washed into the same 50 mL beaker using more deionised water.  
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Table 3.3 Details of orchid seed collections used in this chapter. 
 
Species Systematic 
group 
Collection 
site 
Batch  
number 
Collection 
date 
dd/mm/yyyy 
Experiment 
no. 
  
    
Arachnorchis amoena** A. dilatata Wattleglen 2001A 01/11/2000 6, 8 
 
     
A. phaeoclavia 
 Wartook 9901P 13/11/1999 1, 4, 6, 7, 8 
 
     
A. tentaculata 
 Inverleigh 9901T 27/11/1999 2, 3, 8, 9 
  Inverleigh 2002T 25/11/2000 6, 7, 8 
  
    
A. clavigera A. clavigera RBG collection 2001C 09/11/2000 6, 7, 8 
 
     
A. fulva A. patersonii Deep Lead 9801F 31/10/1998 1 
 
 Deep Lead 
(Site A, Ch2) 
9902F 01/11/1999 1, 5, 7, 8 
  Deep Lead 2003F 01/11/2000 6, 7, 8 
  
    
A. venusta  Anglesea 2001V 25/11/2000 6, 7, 8, 9 
 
     
A. hastata* A. reticulata Portland 2001H 21/11/2000 6, 7, 8, 9 
 
     
A. robinsonii 
 Rosebud 2001R 01/11/2000 6, 7, 8 
 
     
Glossodia major Wax-lip 
orchids 
Deep Lead  2001G 01/11/2000 6, 7, 8 
 
     
Petalochilus deformis 
 Deep Lead  9901D 01/11/1999 8 
 
     
 
*Collected by A. Pritchard (DSE) 
**Collected by C. Beardsall 
 182 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3 A sterile environment was provided by a laminar flow cabinet.  Equipment was 
sterilised and used to prepare and transfer seeds for germination plates.  Paper 
rafts and vacuum apparatus are indicated with arrows. 
Vacuum 
Paper rafts 
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For germination plates where the seedlings were destined for on-growing with the aim of 
eventual deflasking, rafts of sterile filter paper (Whatman No. 1) were used.  If protocorms 
and seedlings were required for microscopic investigation, seeds were germinated on rafts of 
Miracloth® (Calbiochem), a polyester fabric, to avoid contamination of plant material by 
cellulose fibres.  For plating seeds, the same raft/vacuum approach was used as described for 
rinsing seeds.  The ratio of water to seeds was increased to allow greater control of seed 
numbers per raft resulting in approximately 50 seeds per raft.  Rafts were manipulated using 
fine forceps and a slight excess of seeds was always prepared to allow for the loss of seeds 
caused by seeds adhering to the internal or external surface of the glass pipette.  
 
3.2.3 Symbiotic germination 
The germination and development of terrestrial orchid seedlings was described using the 
categories developed by Clements et al. (1986).  These were described in Section 1.6.3 (Fig. 
1.6).  Germination was defined as seeds that reached Stage 3 of development: the 
differentiation of the leaf primordium. 
 
Seeds were plated onto filter paper rafts using the methods described in Section 3.2.2.  Only 
fungi from active cultures (less than 8 weeks old) were used for germination plates.  Oatmeal 
medium (Table 3.2) was used for germination plates and 3-5 replicate plates were prepared 
for each seed and fungal culture combination.  Cubes (5 mm x 5 mm) containing hyphae were 
cut and added to germination plates by placing a cube on each of the four edges of the raft.  A 
quicker method was used when plate numbers exceeded 20.  Softer oatmeal medium (6 g/L 
agar) was used for cultures.  Pieces of agar (10 mm x 20 mm) containing actively growing 
hyphae were excised from the culture plate under sterile conditions and transferred using a 
scalpel to a sterile polycarbonate tube.  The agar was mashed using a scalpel and 2-3 mL of 
sterile deionised water was added.  This pulverised mixture was added to each plate using a 
sterile, plugged, glass pipette and delivered as four drops to the edges of the raft. 
 
Plates were sealed using Parafilm®, individually labelled, placed randomly in stacks and 
wrapped in aluminium foil to exclude light.  Stacks were labelled, placed inside a dark-
coloured, plastic tub with a lid and placed in the bottom of a Conviron S10H or a Clayson 
IM1800RGH controlled environment cabinet for 3 weeks.  The cabinets were set to 80% RH 
with a 24 h light and temperature regime as follows: 16 h day at 20°C, dropping to 15°C dark 
for 4 h, 10°C dark for 2 h and 15°C dark for 2 h.  After the initial 3 weeks in darkness, plates 
with Stage 3 protocorms were moved onto the bottom shelf (light levels of 3.9 µmol m-2 s-1) 
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for 2 weeks and then to the next shelf up (light levels of 4.5 µmol m-2 s-1).  After another two 
weeks seedlings were moved to the highest shelf with light levels of 30.9 µmol m-2 s-1.  Light 
levels were measured using a LI-COR photometer, model LI-250 (John Morris Scientific Pty 
Ltd, USA).   
 
The different stages of early, normal development of Arachnorchis seeds were viewed using a 
Zeiss dissecting microscope.  Fungal cultures that were unable to germinate seeds of the 
orchid from which they were harvested were not used for further testing.  The proportion of 
seeds germinated on each Petri dish was treated as a replicate for a given experiment. 
 
3.2.4 Testing of seeds for viable embryos 
From initial undocumented experiments, germination of A. tentaculata was less than 10% 
after the seeds were surface-sterilised for 8 - 10 min in 1% available chlorine (sodium 
hypochlorite) following previously reported protocols of Marven (1996), Lucas (1997) and 
Batty et al. (2000, 2001a).  Protocorm development was very poor (maximum of 10% at 
Stage 2).  These results prompted an investigation of seed viability and preparation of seeds 
for sowing, to determine an optimal duration for surface sterilisation of Arachnorchis seeds. 
 
3.2.4.1 Experiment 1. Viability testing using fluorescein diacetate (FDA). 
Experiment 1a examined the effect of species and age on fluorescence of seeds soaked in 
water for 14.5 h, without treatment in NaOCl.  Seeds of A. phaeoclavia, a relatively common 
species, and seeds of A. fulva, an endangered species, were compared using FDA (Pritchard, 
1985).  Fresh seeds of A. fulva (9902F from Table 3.3) were compared with seeds collected 12 
months earlier (9801F from Table 3.3).  Samples tested were representative of the population 
(Table 3.4) except for A. fulva (9801F), which came from a single individual.  
 
Experiment 1b examined the effect on fluorescence of surface-sterilising seeds in 1% 
available chlorine (NaOCl).  The results from soaking seeds of A. phaeoclavia (9901P from 
Table 3.3) in 1% available chlorine (NaOCl) for 3 min and 5 min were compared with the 
results for the sample that was soaked in water for 14.5 h.  The results from soaking seeds of 
A. fulva (9902F from Table 3.3) in 1% available chlorine (NaOCl) for 10 min were compared 
with the result gained from soaking A. fulva seeds in water for 14.5 h.  
 
Briefly, FDA was prepared at 0.5% (w/v) in absolute acetone.  Samples of seeds in distilled 
water were mixed 1:1 with the FDA solution and the reaction was allowed to develop for 10  
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Table 3.4 Detail of seeds of Arachnorchis used in Experiment 1. 
 
 
 
Exp.  Species 
(seeds) 
Factors 
tested 
Number of 
capsules 
Age of seeds when 
tested (days) 
1a A. phaeoclavia “Common” 55 5 
1a A. fulva “Endangered” 12 17 
     
1a A. fulva Fresh seed 12 17 
1a A. fulva Old seed 1 380 
     
1b A. phaeoclavia 0 min NaOCl 
(14.5 h water) 
55 5 
1b A. phaeoclavia 3 min NaOCl 55 5 
1b A. phaeoclavia 5 min NaOCl 55 5 
     
1b A. fulva 0 min NaOCl 
(14.5 h water) 
12 17 
1b A. fulva 10 min NaOCl 12 17 
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min in the dark.  Seeds were viewed with UV light using an Olympus BH2-RFCA microscope 
with a PM-10ADS photomicrographic system. Untreated seeds and seeds treated for 10 min 
in 1% available chlorine (NaOCl), following previously reported germination protocols 
(Marven, 1996; Lucas, 1997; Batty et al., 2000, 2001a), were tested.  Seeds were scored as 
non-fluorescent, poorly fluorescent or brightly fluorescent.  A minimum of 100 seeds per test 
without replication was used for both experiments 1a and 1b. 
 
3.2.4.2 Experiment 2. Effect of surface-sterilisation duration on germination of 
Arachnorchis tentaculata seeds and comparison with tetrazolium chloride (TTC) 
assay. 
Seeds of A. tentaculata (Table 3.3) were treated for 1, 3, 4.5, 6, 8 or 12 minutes in sodium 
hypochlorite (0.5% available chlorine) following the method of Section 3.2.2.  For plating, a 
dilute mixture of seeds and water was transferred onto fresh pieces of filter paper using the 
same raft/vacuum approach as described for rinsing seeds.  Seeds were germinated in the 
presence of CALATENTR1 6.1, a fungus known from undocumented experiments to be very 
effective at germinating A. tentaculata seeds. Replicates consisted of three Petri dishes of 
oatmeal medium (Table 3.2) per treatment.  Petri dishes were sealed with Parafilm®, wrapped 
in foil to exclude light and placed in a controlled environment cabinet as in Section 3.2.3.  
After 5 weeks, each treatment was scored for germination by viewing with a Zeiss dissecting 
microscope as non-imbibed (Stage 0) or imbibed (Stage 1) seeds, and protocorms at Stages 2, 
3 or 4.  Germination was plotted using totals from Stage 2 and greater. 
 
Part of the samples of A. tentaculata seeds that were treated for 3, 6, 8 and 12 minutes in 
sodium hypochlorite (0.5% available chlorine) were tested using tetrazolium chloride (Ellis et 
al., 1985) as previously described in Chapter 2, Section 2.2.7.  An additional sample was 
treated by soaking in water only (t=0 min in sodium hypochlorite).  No replicates were used.  
 
 
3.2.5 Experiment 3. Effect of cellulose sponge as a substrate for germination 
Seeds of A. tentaculata (Batch 9901T from Table 3.3) were deposited directly onto cellulose 
sponge to determine if seeds could be germinated on a seedling substrate without transfer 
from a germination plate (on filter paper), thereby reducing handling of the seedlings.  
Cellulose sponge (Spontex™) was washed and soaked for 24 h in a bucket of tap water.  
Polycarbonate tissue culture pots (250 mL) containing 8-10 pieces of 1 cm x 1 cm cellulose 
sponge were prepared and sterilsed by autoclaving.  A liquid oatmeal medium was prepared 
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(Table 3.2) and autoclaved.  To each tissue culture pot was added 5 mm of this liquid and the 
pots were autoclaved again.  A pulverised mixture of the fungal subculture CALATENTR1 
6.1.1.1 and sterile water was prepared to the consistency of runny porridge.  A few drops of 
this inoculum were dripped onto each piece of sponge using a sterilised plugged glass pipette.  
Seeds of A. tentaculata from Inverleigh Common were surface-sterilised for 3.5 min in 0.5% 
available chlorine.  The seeds were kept in suspension and two drops of the seed and water 
mixture were added on top of each piece of sponge.  Nine pots were prepared.  Lids were 
screwed on, sealed with Parafilm® and pots were placed randomly inside a dark opaque 
plastic container.  The container was placed inside a controlled environment cabinet as per the 
settings in Section 3.2.3.  The pieces of sponge were examined after 4 weeks for germinated 
seeds by viewing with a Zeiss dissecting microscope. 
 
3.2.6 Experiment 4. Effect of nine fungal isolates from five orchid species on 
germination of Arachnorchis phaeoclavia. 
Seeds of A. phaeoclavia from Wartook (Table 3.3) had high viability and were used to test the 
effectiveness of fungal cultures from A. phaeoclavia plants (Table 3.5).  For comparison, four 
fungal cultures from four other species of orchid were included in the test (Table 3.5).  Seeds 
were prepared and sown as in Sections 3.2.2 and 3.2.3 after treating in 0.5% available 
chlorine for 3 min without replication of the seed sample.  Combinations of seeds and fungi 
were commenced at different times, but the same batch of seed was used for all treatments.  
Age of seed varied slightly, depending on starting date, and each combination of seed and 
fungal culture was prepared with five replicate plates.  Germination (green leaf) was recorded 
weekly, from 4 weeks from plating, and is reported at week 6. 
 
3.2.7 Experiment 5. Effect of 26 fungal isolates from seven orchid species on 
germination of Arachnorchis fulva 
Seeds of A. fulva (Batch 9902F) from Deep Lead (Table 3.3) were used to test the 
effectiveness of fungal cultures from A. fulva plants (Table 3.5).  For comparison, fungal 
cultures from A. tentaculata, A. robinsonii, A. venusta, Glossodia major and Petalochilus 
deformis were included.   
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Table 3.5 Detail of fungal cultures and host species used in various experiments. 
 
 
Fungal host species Systematic group Fungal code Experiment no. 
 
   
A. phaeoclavia A. dilatata CALAPHAER13* 4  
 
 CALAPHAER18* 4, 6, 8 
 
 CALAPHAER21 4 
 
 CALAPHAER25 4 
 
   
A. tentaculata 
 CALATENTR1 2, 3, 4, 5 
 
 CALATENTR15* 8, 9 
 
   
 
   
A. fulva A. patersonii CALAFULVR3 5 
 
 CALAFULVR4 5 
 
 CALAFULVR22 5 
 
 CALAFULVR26 5 
 
 CALAFULVR27 5 
 
 CALAFULVR28* 5 
 
 CALAFULVR29* 4, 5 
 
   
A. venusta 
 CALAVENUR9 4, 5, 9 
 
   
 
   
A. hastata A. reticulata CALAHASTR37 9 
 
   
A. robinsonii 
 CALAROBNR11 4, 7 
  CALAROBNR11A 7 
  CALAROBNR11B 5, 7 
    
    
Glossodia major Wax-lip orchids GLOSMAJOR24 5 
 
   
Petalochilus deformis 
 CALADEFOR23 5, 8 
*these plants had a bud or flower. 
 189 
Seeds were prepared and sown as per Sections 3.2.2 and 3.2.3 after treating in 0.5% available 
chlorine for 3 min without replication of the seed sample.  Combinations of seeds and fungi 
were commenced at different times, but the same batch of seed was used for all treatments.  
Age of seed varied slightly depending on starting date and each combination of seed and 
fungal culture was prepared with five replicate plates.  Germination (green leaf) was recorded 
weekly, from 4 weeks from plating, and reported at week 7.  The maximum stage of 
development prior to deflasking or destruction (because of contamination) is reported. 
 
 
3.2.8 Effect of fungal culture on germinating seeds from different orchids  
Some fungal cultures effectively assisted the germination of seeds from the same orchid 
species from which the fungus was derived.  To determine if these cultures were effective 
with other orchid species, two cultures were examined.  The culture CALAPHAER18 was 
isolated from A. phaeoclavia, an insufficiently known, but possibly common orchid, while 
CALAROBNR11 was isolated from A. robinsonii, a known endangered species.  Experiments 
6 and 7 sought to determine if this endangered species of orchid could be germinated 
symbiotically with a fungus derived from this common species of orchid and vice versa. 
 
3.2.8.1 Experiment 6. Effect of fungal isolates from the collar CALAPHAER18 on seeds 
from eight species of orchid. 
Fungal cultures from collar CALAPHAER18 from a plant of A. phaeoclavia from Wartook 
(Table 3.5) were used to germinate the seeds of eight species of orchid (Table 3.3).  Seeds 
were prepared and sown as in Sections 3.2.2 and 3.2.3 after treating in 0.5% available 
chlorine for 3 min.  Combinations of seeds and fungi were commenced at different times, but 
the same fungal culture within a group was used for each set of treatments.  The original 
CALAPHAER18 culture was used to germinate seeds of A. phaeoclavia and the fungal isolate 
CALAPHAER18G was obtained from one of the resulting protocorms.  CALAPHAER18 
SHTX was a culture obtained from a single monilioid cell of CALAPHAER18G.  Each 
combination of seed and fungal isolate was prepared with five replicate plates.  Germination 
(green leaf) was reported at week 5.  The greatest stage of development prior to deflasking or 
destruction (because of contamination) is reported. 
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3.2.8.2 Experiment 7. Effect of fungal isolates from collar CALAROBNR11 on seeds from 
seven species of orchid. 
The fungal culture CALAROBNR11 from a plant of A. robinsonii (Table 3.5) was used to 
germinate the seeds of seven species of orchid (Table 3.3).  Seeds were prepared and sown as 
in Sections 3.2.2 and 3.2.3 after treating in 0.5% available chlorine for 3 min without 
replication of the seed sample.  Some combinations of seeds and fungi were commenced at 
different times, but the same fungal culture was used for all treatments.  Each combination of 
seed and fungal culture was prepared with four replicate plates.  Germination of A. robinsonii 
seeds using isolate CALAROBNR11 produced two protocorms and a fungal isolate was taken 
from each (CALAROBNR11A and CALAROBNR11B).  These isolates were retested using 
only A. robinsonii seeds with two replicate plates each.  Germination (green leaf) was 
reported at week 6.  The greatest stage of development prior to deflasking is reported for all 
species.   
 
3.2.9 Experiment 8. Growth and development of protocorms of Arachnorchis 
tentaculata after germination with and without a fungus 
Rates of growth were compared for protocorms of the common species A. tentaculata.  Seeds 
were germinated with and without fungi and growth measurements were taken over a period 
of 29 days.  Seed preparation and sowing followed the protocols of Sections 3.2.2 and 3.2.3.  
Arachnorchis tentaculata seeds from Inverleigh Common (Batch 2002T, Table 3.3) were 
germinated without fungi, with a fungal subculture from collar CALATENTR15 and with a 
fungal subculture from collar CALAPHAER18 (Table 3.5) to compare growth rates among 
asymbiotic and protocorms symbiotic with fungi from the host orchid as well as from a 
different species of orchid (A. phaeoclavia). 
 
Protocorms required for measurement were removed from germination plates at Stage 3 
development (4 weeks from sowing) and treated in a similar fashion to those of Hadley and 
Williamson (1971).  Protocorms were removed, using a flamed mounted needle that had been 
cooled by dipping in sterile water, and transferred to fresh plates of oatmeal medium.  
Protocorms were positioned equidistantly in a circular pattern, ten per plate, and individually 
numbered on the underside of the Petri dish.  A minimum of three plates was used per 
treatment.  Protocorms were measured weekly for 4 weeks and were measured for length and 
breadth to calculate volume based on the assumption that protocorms consisted of two fused 
half ellipsoids (Hadley and Williamson, 1971) (Fig. 3.4).  Protocorms were viewed with a 
Zeiss dissecting microscope through the lid of the Petri dish and measured with the aid of a 
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0.1 mm scale fitted inside the eyepiece.  The scale and magnification of the view were 
calibrated prior to recording measurements.  Protocorms failing to exhibit growth consistent 
with an infection by a compatible fungus were examined for pelotons at the end of the 
measurement period to see if fungal infection had taken place.  
 
3.2.10 Experiment 9. Growth and development of protocorms of three orchid species after 
germination with fungi 
Fungi able to germinate the seeds of Arachnorchis orchids did not always result in robust 
protocorms and seedlings Rates of growth were compared for symbiotic protocorms of A. 
tentaculata, A. venusta and A. hastata over a period of 29 days.  Seed preparation and sowing 
followed the protocols of Sections 3.2.2 and 3.2.3.  Arachnorchis tentaculata seeds from 
Inverleigh Common (Batch 2002T, Table 3.3) were germinated with a fungal subculture from 
collar CALATENTR15 (Table 3.5).  Seeds of A. venusta from Anglesea (Batch 2001V) were 
germinated with a fungal subculture from CALAVENUR9 and A. hastata seeds from Point 
Danger (Batch 2001H) were germinated with a fungal subculture from the collar 
CALAHASTR37.  The fungus from the A. hastata collar was chosen because it was known to 
be very effective, giving excellent growth rates for deflasked seedlings (See Chapter 4).  The 
other fungi gave good to variable germination percentages but their compatibility with 
deflasked seedlings was untested.  Measuremnets of protocorms were the same as for 
Experiment 8 (above). 
 
3.2.11 Statistical analysis 
Data were tested for normality using Minitab v.13 (Minitab Inc., www.minitab.com) and then 
analysed for differences.  Where data were not normally distributed, they were transformed as 
necessary to achieve normality, using functions such as log10, square root, arcsine etc.  When 
sets of germination data contained means of zero, these data were excluded from the dataset 
and the remainder were analysed for differences.  Individual experiments that could be 
analysed by two-way ANOVA, but containing different numbers of replicates per treatment, 
had the number of replicated plates reduced to the lowest number.  Entire datasets using all 
possible replicate plates were analysed using paired T-tests or one-way ANOVA, as 
appropriate.  For growth experiments, the difference in growth between treatments over time 
was analysed by one-way ANOVA.  Where data could not be normalised, non-parametric 
tests were used, e.g. Kruskal-Wallis, Mood’s median test.  Tabulated statistics are shown in 
Appendix B. 
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Volume was calculated using the formula for an ellipsoid (Williamson and Hadley, 
1970), 
 
V  = ½ (4/3pib2l1) + ½ (4/3pib2l2) 
 
 = 
4/3pib2[1/2 (l1 + l2)] 
 
 = 
2/3 pib2L 
 
 = 
1/6piLB2 
 
 
 
 
 
 
 
 
Figure 3.4 Volume of protocorms was calculated based on the assumption that protocorms 
consist of two fused half ellipsoids.  Volume was calculated from length and 
breadth. 
l1 l2 
b 
b 
L = l1 +l2 
B = b + b 
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3.3 RESULTS 
 
3.3.1 General overview of the developmental stages of Arachnorchis protocorms 
symbiotic with compatible fungi  
Sowing of seeds with a compatible fungus always resulted in the rapid development of 
embryos within 5 weeks of sowing.  The developmental stages of seeds of A. tentaculata 
sown with the isolate CALATENT R1 are described here. 
 
Dry, mature seeds were dark brown to almost black in colour and consisted of a relatively 
large, ornate, papery testa (600 x 120 µm) surrounding a spherical embryo (200 x 120 µm) 
(Fig. 3.5 A and B).  This initial stage was equivalent to Stage 0 of the developmental stages 
described by Clements et al. (1986).  Figure 3.5 C shows a seed recently imbibed (2 days 
post-sowing) with a split testa (Stage 1).  The embryo had increased in volume and measured 
about 300 µm wide by 420 µm long.  Stage 2 was characterized by the emergence of rhizoids 
(Fig. 3.5 D).  At this point (2-3 weeks post-sowing), the embryo had developed into a 
protocorm.   
 
Rhizoids developed from specialised groups of cells (Fig. 3.6 A) and were approximately 20 
µm in diameter.  Rhizoids developed all over the protocorm body, creating a very “hairy” 
appearance.  No browning was observed at the bases of rhizoids in compatible associations.  
The protocorm continued to enlarge and a leaf primordium became visible (Fig. 3.6 B), 
signifying Stage 3 of development.  At this stage the protocorm was approximately 1000 x 
560 µm in size.  Once the majority of protocorms had reached this level of development (3-5 
weeks), the foil was removed and plates were placed on shelves receiving 3.0 µmols-1m-2s-1 
light.  Upon exposure to light, the first chlorophyllous leaf tissue was produced and the 
protocorm was described as being at Stage 4 (Fig. 3.6 C).  Development beyond this level is 
described in the following chapter: Chapter 4 – “Factors affecting later growth of seedlings”. 
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Figure 3.5 Development of Arachnorchis tentaculata protocorms with the compatible 
fungus CALATENTR1.   
 
(A) Seed, Stage 0  
(B) Detail of ornate testa 
(C) Imbibed seed, Stage 1  
(D) Protocorm with rhizoids, Stage 2.  
A. 
Testa 
Embryo 
100 µm 
C. 
Embryo 
Testa  
cells 
100 µm D. 
Rhizoids 
Protocorm body 
100 µm 
B. 100 µm 
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Figure 3.6 Development of Arachnorchis protocorms with the compatible fungus 
CALATENTR1. PB = protocorm body, R = rhizoids. 
 
(A) Scanning electron micrograph showing detail at the base of rhizoid cells in 
an A. tentaculata protocorm 
(B) Protocorm of A. tentaculata with leaf initial, Stage 3 
(C) Leaf expansion and production of chlorophyll commences on exposure to 
light, Stage 4 (green leaf). 
C.  5 mm 
PB 
100 µm A. 
PB 
R 
B. 
Remains of testa 
Leaf initial 
R 
PB 
0.5 mm 
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3.3.2 General overview of the developmental stages of Arachnorchis protocorms in the 
absence of a compatible fungus 
Seeds sown in the absence of fungi, on oatmeal medium, imbibed water (Stage 1) and some 
seeds developed into protocorms with sparse rhizoid development (Stage 2).  In some cases, 
protocorms eventually produced a green leaf (Stage 4) more than 10 months from sowing 
(Fig. 3.7 A).  Development was always extremely slow, but protocorms remained alive and 
healthy for up to 12 months.  Protocorms may have survived for longer, but contamination of 
culture plates by pathogenic fungi brought in by mites caused their death.   
 
Sowing of seeds with an incompatible fungus resulted in parasitism of the seeds (Fig. 3.7 B) 
or very weak, weedy seedlings (Fig. 3.7 C), often showing browning at the bases of the 
rhizoids.  The protocorm body of these seedlings was often elongated with a small leaf 
structure at one end (Fig. 3.7C).  Most growth appeared to be elongation of the protocorm 
body, rather than growth and elongation of the leaf.  Seeds also germinated in the presence of 
non-pathogenic contaminating organisms (Fig. 3.7 D), but growth of the protocorms was 
similar to the development of asymbiotic seedlings.  The emergence of a root initial was not 
observed in any of these seedlings.  It was only when seeds were sown with a compatible 
fungus that the full range of protocorm development was observed. 
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Figure 3.7 Development of Arachnorchis protocorms in the absence of a compatible 
fungus.  All scale bars = 5 mm, except for plate (B) where the scale bar = 0.5 
mm. 
A.) Asymbiotic seedling (Stage 4) of Arachnorchis tentaculata germinated without 
fungus. 
B.) Seeds of Arachnorchis audasii (Stage 1) parasitised by an incompatible fungus 
from Arachnorchis fulva.  The circle shows an area becoming translucent as the 
fungus digests the cells of the seed. 
C.) Weak seedling development of Arachnorchis tentaculata (Stage 4) in the 
presence of an incompatible fungus (CALATENTR16). Small leaves indicated by 
arrows. 
D.) Germination of seeds of Arachnorchis tentaculata (arrows) (stages 2 and 3) in the 
presence of a contaminating organism(s) (X). 
A. B. 
C. D. 
X
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3.3.3 Experiment 1. Viability testing using fluorescein diacetate (FDA). 
The number of brightly fluorescing seeds per sample was not significantly different when 
samples of fresh seeds from A. fulva (56%) and A. phaeoclavia (62%) were soaked in water 
and compared (Chi2 test, Chi2= 1.3, p>0.05; Appendix B, Table 3.1.1), although replicates 
were not conducted.  A comparison of 17-day old seeds with 380-day old seeds of A. fulva 
soaked in water showed no difference in the number of brightly fluorescing seeds per sample 
(Chi2 test, Chi2= 3.44, p>0.05; Appendix B, Table 3.1.2).   
 
The number of brightly fluorescing seeds per sample was not significantly different when 
samples of seeds from A. phaeoclavia were compared after the following treatments: soaked 
in water (62% brightly fluorescing), 3 min in 1% available chlorine (58% brightly 
fluorescing) and 5 min in 1% available chlorine (55% brightly fluorescing) (Chi2 test, Chi2= 
4.14, p=0.126; Appendix B, Table 3.1.3).  No replicates were conducted. 
 
Viability testing of A. fulva seeds with FDA suggested that 1% available chlorine for 10 min 
was too severe for maximum germination.  Untreated seeds of A. fulva had 60.7 ± 5.1% 
brightly fluorescing, whereas seeds treated for 10 min in 1% available chlorine had only 1.9 ± 
1.0% brightly fluorescing (Chi2 test, Chi2= 613.47, p<0.001; Appendix B, Table 3.1.4).  
 
3.3.4 Experiment 2. Effect of surface-sterilisation duration on germination of 
Arachnorchis tentaculata seeds and comparison with tetrazolium chloride (TTC) 
assay 
Surface-sterilisation was not adequate at only 1 min in hypochlorite solution, as up to 10% of 
plates showed growth of a contaminating fungus (e.g. Penicillium) originating from a seed(s), 
but times were adequate at ≥3 min.  However, both viability and germination declined with 
greater times in hypochlorite solution.   
 
Germination ranged from 1-64% and viability by the TTC assay from 11-58% (Fig. 3.8).  
Increasing the time in hypochlorite solution resulted in a steady drop in germination (Pearson 
correlation = -0.953, p<0.001; Appendix B, Table 3.2.1) and viability (Pearson correlation = -
0.996, p=0.004; Appendix B, Table 3.2.1) (Fig. 3.8).   
 
However, the inclusion of the treatment “soaked in water only (no sodium hypochlorite)” 
masked this trend for TTC assay (Fig. 3.8) (Pearson correlation = -0.757, p=0.138; Appendix 
B, Table 3.2.1)(Regression analysis, R-sq=43.1%, p=0.138; Appendix B, Table 3.2.2).  A 
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greater association between viability (TTC assay) and time in hypochlorite was observed 
when t=0 was excluded (Regression analysis, R-sq=98.8%, p=0.004; Appendix B, Table 
3.2.3).   
 
Germination, Stage 2 + 3 protocorms, was strongly associated with the length of time that the 
seeds were treated in hypochlorite solution (Regression analysis, R-sq=91.7%, p<0.001; 
Appendix B, Table 3.2.4).  After 12 minutes in hypochlorite solution germination was less 
than 5% (Fig. 3.9) and the germinated protocorms appeared retarded in their development 
with no leaf and a swollen, callus-like protocorm body.  
 
3.3.5 Experiment 3. Effect of cellulose sponge as a substrate for germination 
No seeds of A. tentaculata produced rhizoids when sown directly onto cellulose sponge.  
Seeds appeared healthy and in an imbibed state (Stage 1), but the substrate did not support 
further growth within the 4-week period. 
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Figure 3.8 Experiment 2: Effect of surface-sterilisation of seeds of Arachnorchis 
tentaculata using 0.5% available chlorine.  Viability is shown by percentage of 
coloured embryos using TTC assay. Percentages of protocorms of 
developmental stages 2 (rhizoids) and 3 (leaf initial present) are plotted after 5 
weeks symbiotic with fungus culture CALATENTR1 6.1.  Error bars = 
standard error. 
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Figure 3.9 Experiment 2: Effect of duration of surface-sterilisation using 0.5% available 
chlorine on seeds of A. tentaculata with CALATENTR1 6.1 fungal culture. 
Photographed 8 weeks after sowing.  Originally, each photograph contained 
approximately 100 seeds. 
A) 1 minute,  D) 6 minutes, 
B) 3 minutes, E) 8 minutes 
C) 4.5 minutes, and F) 12 minutes.    
A. B. 
C. D. 
E. F. 
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3.3.6 Experiment 4. Effect of nine fungal isolates from five orchid species on germination 
of Arachnorchis phaeoclavia, a common species. 
Germination of A. phaeoclavia seeds ranged from 0-65% after 42 days and protocorm 
development ranged from stages 0-3 (Table 3.6).  Germination varied significantly with 
fungal isolate (Table 3.6) (ANOVA, F=5.9, p<0.001; Appendix B, Table 3.3.1).  Seeds 
germinated to Stage 3 at least with seven of the nine isolates derived from three species of 
orchid: A. phaeoclavia, A. robinsonii and A. tentaculata.  Fungal cultures derived from A. 
phaeoclavia, A. robinsonii and A. tentaculata did not differ in the ability to germinate seeds of 
A. phaeoclavia (ANOVA, F=0.88, p=0.428; Appendix B, Table 3.3.2).  The cultures from A. 
fulva and A. venusta did not germinate seeds of A. phaeoclavia. 
 
There was a significant difference in the ability to germinate A. phaeoclavia seeds among the 
isolates derived from A. phaeoclavia (ANOVA, F=8.76, p=0.001; Appendix B, Table 3.3.3).  
Germination using the refined fungal culture CALAPHAER18 SHTX (single hyphal tip 
culture) derived from A. phaeoclavia was significantly greater than the germination gained 
from the isolates CALAPHAER18 (original), CALAPHAER21 and CALAPHAER25 (Table 
3.6).  However, CALAPHAER18 SHTX did not germinate more seeds than 
CALAPHAER13.   
 
There was a significant difference in the ability to germinate A. phaeoclavia seeds amongst 
collars collected in different months (Fig. 3.10) (Kruskal-Wallis test, H = 7.63, p = 0.022; 
Appendix B, Table 3.3.4).  Analysis using ANOVA (ANOVA, F=5.61, p=0.013; Appendix B, 
Table 3.3.5) suggested that fungal isolates from collars (CALAPHAER18) collected in 
November germinated significantly more seeds than the fungal isolates from collars 
(CALAPHAER21 and CALAPHAER25) collected in May.  
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Table 3.6 Experiment 4: Symbiotic germination testing of Arachnorchis phaeoclavia 
seeds.  Measurements recorded at 42 days.  All tests used oatmeal medium. 
Mean germination ± standard error from five replicate plates. 
 
Fungal isolate Original plant 
host 
Total seeds % Germination Stage of 
development 
CALAPHAER13 A. phaeoclavia 316  35.2 ± 5.4 3 
CALAPHAER18  
(original) 
A. phaeoclavia 396  32.8 ± 7.3 3 
CALAPHAER18 
(SHTX) 
A. phaeoclavia 131  65.3 ± 11.1 3 
CALAPHAER25 A. phaeoclavia 193  20.2 ± 9.6 3 
CALAPHAER21 A. phaeoclavia 361  2.6 ± 1.0 3 
CALATENTR1 A. tentaculata 364  27.8 ± 10.5 3 
CALAROBNR11 A. robinsonii 361  13.6 ± 3.7 3 
CALAFULVR29 A. fulva 380 0 1 
CALAVENUR9 A. venusta 372 0 1 
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Figure 3.10 Experiment 4: Effect of month of collar collection (from Arachnorchis 
phaeoclavia plants) on germination of seeds of Arachnorchis phaeoclavia. 
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3.3.7 Experiment 5. Effect of 26 fungal isolates from seven orchid species on germination 
of Arachnorchis fulva, an endangered species. 
Germination of seeds of A. fulva ranged from 0-5.8% (Table 3.7).  Seeds were slow to 
germinate, with many protocorms reaching only Stage 2 (rhizoids) and so not being classified 
as germinated by 49 days.  Germination (≥Stage 3) was only recorded for eight fungal 
isolates, from four species of orchid: A. fulva, A. tentaculata, A. robinsonii and A. venusta 
(single plate of 2.3%).  There was no significant difference in the amount of germination 
among these isolates that germinated seeds (Kruskal-Wallis test, H = 0.14, p = 0.986; 
Appendix B, Table 3.4.1).  Eleven other peloton isolates from the collar CALAFULVR4 
failed to germinate any seeds of A. fulva.  Three other isolates from A. fulva collars 
CALAFULVR3 and CALAFULVR29 (including one reisolated from a protocorm) failed to 
germinate seeds within 49 days. 
 
There was a significant difference in germination among the months when collars were 
collected from A. fulva plants (Fig. 3.11) (Kruskal-Wallis test, H = 28.75, p <0.001; Appendix 
B, Table 3.4.2).  Analysis by ANOVA suggested that germination from collars collected in 
May (CALAFULVR22, CALAFULVR26) was greater than for those collected in June 
(CALAFULVR3 and CALAFULVR4), with July and September intermediate.   
 
No seed germinated using fungal isolates from Petalochilus deformis or Glossodia major.  No 
seed germinated in the absence of fungi.  All plates using CALAPHAER18 became 
contaminated prior to recording results. 
 
Stage 4 protocorms that were actively growing with well-developed chlorophyll were 
removed from plates for transfer to new media and further growth (see Chapter 4).  Eight 
fungal isolations from two species of orchid (A. fulva and A. venusta) resulted in seedlings 
that developed to Stage 5 at least.  Stage 3 protocorms that germinated with fungal isolates 
from A. tentaculata or A. robinsonii failed to develop beyond Stage 3.  
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Table 3.7 Experiment 5: Symbiotic germination testing of Arachnorchis fulva seeds. All 
tests used oatmeal medium.  Measurements recorded at 49 days unless stated 
otherwise.  Mean germination ± standard error from five replicate plates.  Stage 
of development at germination scoring is recorded.  
 
Fungal isolate Original plant 
host 
Total 
seeds 
% Germination Stage of 
development 
reached 
CALAFULVR3 A. fulva 327 0 2 
CALAFULVR4 1.1.1 A. fulva 276 0 2 
CALAFULVR4 1.2.1 A. fulva 163 0 1 
CALAFULVR4 1.3.1 A. fulva 241 0 2 
CALAFULVR4 1.4.1 A. fulva 276 0 1 
CALAFULVR4 1.5.1 A. fulva 263 0 2 
CALAFULVR4 1.6.1 A. fulva 310 0 1 
CALAFULVR4 1.7.1 A. fulva 292 0 1 
CALAFULVR4 2.1.1 A. fulva 245 0 1 
CALAFULVR4 3.1.1 A. fulva 239 0 2 
CALAFULVR4 4.1.1 A. fulva 271 0 1 
CALAFULVR4 4.2.1 A. fulva 316 0 2 
CALAFULVR22 A. fulva 348 1.9 ± 1.8 3 (5, 3%#) 
CALAFULVR26 A. fulva 191 5.8 ± 3.2 3 (5, 4%#) 
CALAFULVR26 4.3 PO A. fulva 356 0.2 ± 0.3 3 (5, 0.8%#) 
*CALAFULVR27 A. fulva 187 1.5 ± 1.0 3 (5, 25%#) 
*CALAFULVR28 A. fulva 241 1.5 ± 1.0 3 (5, 6%#) 
*CALAFULVR29 1.5 A. fulva 127 0 2 (5, 13%#) 
*CALAFULVR29 1.5P A. fulva 212 0 1 (5, 0.9%#) 
CALATENTR1 6.1.1.1 A. tentaculata 428 0 1 
CALATENTR1 
6.1.1.1.2.1W 
A. tentaculata 161 0.9 ± 0.9 3 
CALAROBNR11B A. robinsonii 87 3.4 ± 0.9 3 
CALAVENUR9 A.venusta 212 1.5 ± 0.7 3 (5, 11%#) 
CALADEFOR23 Petalochilus 
deformis 
175 0 1 
GLOSMAJOR24 Glossodia major 209 0 1 
None - 590 0 1 
 
*recorded at 11 weeks 
(5, 11%#) interpreted as: 5 = maximum level of development in vitro, # = average percentage of seedlings 
removed prior to terminating plates 
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Figure 3.11 Experiment 5: Effect of month of collar collection (from Arachnorchis fulva 
plants) on germination of seeds of Arachnorchis fulva.    
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3.3.8 Experiment 6. Effect of fungal isolates from the collar CALAPHAE R18 on seeds 
from eight species of orchid 
Germination ranged from 0-72% after 35 days and protocorm development ranged from 
Stages 0-4 (Table 3.8).  Germination varied significantly with fungus (Table 3.8) (Kruskal-
Wallis test, H =21.7, p=0.001; Appendix B, Table 3.5.1).  Three orchid species germinated 
(A. phaeoclavia, A. tentaculata and Glossodia major) with >45% germination with R18SHTX 
and reached Stage 4 development, but the amounts of germination were not significantly 
different from one another (ANOVA, F=2.81, p=0.1; Appendix B, Table 3.5.2).  The 
difference in germination between the derived fungal culture CALAPHAER18 SHTX and 
CALAPHAER18 (original) was marginally significant (ANOVA, F=6.59, p=0.043; Kruskal-
Wallis test, H =3.76, p=0.053; Appendix B, Tables 3.5.3 and 3.5.4).  The other four species 
tested either did not germinate or, in the case of A. fulva, became contaminated prior to 
recording results.   
 
Germination of G. major seeds was as rapid (3 weeks) as the germination of A. phaeoclavia 
when using the CALAPHAER18 SHTX isolate.  Arachnorchis tentaculata seeds (Table 3.8) 
also germinated readily with the CALAPHAER18 SHTX isolate and appeared just as healthy 
and robust as protocorms of A. phaeoclavia.   
 
3.3.9 Experiment 7. Effect of fungal isolates from the collar CALAROBN R11 on seeds 
from seven species of orchid  
Germination ranged from 0-17% with the maximum stage of development reached ranging 
from Stage 2 to Stage 5 (Table 3.9).  Seven species of orchid germinated with isolates from 
the CALAROBNR11 collar, but germination among orchid species did not differ significantly 
(Table 3.9) (ANOVA, F=1.72, p=0.166; Appendix B, Table 3.6.1).  Seeds of Glossodia major 
failed to germinate and seeds of A. robinsonii with the CALAROBNR11(A) isolate also failed 
to germinate.   
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Table 3.8 Experiment 6: Symbiotic germination testing of orchid seeds with fungal 
isolates from the CALAPHAER18 collar from Arachnorchis phaeoclavia.  
R18G was reisolated from a protocorm and R18SHTX was isolated by dilution 
plating of monilioid cells.  Measurements were recorded at 35 days and all tests 
used oatmeal medium. 
 
 
 
Orchid 
species 
Fungal 
isolate 
Total 
seeds 
% Germination 
(± std error) 
Weeks until 
Stage 3 
(leaf primordium)  
Stage of  
development 
reached 
Arachnorchis 
phaeoclavia 
original (R18) 396 32.8 ± 7.3a 3 4 (green leaf) 
A. amoena R18G 175 0 - 1 (imbibed) 
A. hastata  R18G 195 0 - 1 
A. clavigera R18SHTX 253 0 - 1 
A. fulva R18SHTX - C - - 
A. phaeoclavia R18SHTX 131 65.3 ± 11.1b 3 4 
A. tentaculata R18SHTX 346 66 ± 5.9b 4 4 
A. venusta R18SHTX 300 0 - 1 
Glossodia 
major 
R18SHTX 349 71.7 ± 6.8b 3 4 
 
C = contaminated 
 
 210 
Table 3.9 Experiment 7: Symbiotic germination testing of orchid seeds with fungal 
isolates from the collar CALAROBNR11 from Arachnorchis robinsonii.  
CALAROBNR11(A) was re-isolated from one protocorm and 
CALAROBNR11(B) was re-isolated from the second protocorm.  
Measurements recorded at 42 days on oatmeal medium. 
 
 
 
Orchid species Fungal isolate Total 
seeds 
% Germination 
(± Std error) 
Maximum 
stage of  
development 
reached 
Arachnorchis clavigera CALAROBNR11(B) 347 3.0 ± 1.0 5 (seedlings) 
A. fulva CALAROBNR11(B) 87 3.5 ± 0.5 3 ( leaf 
primordium) 
A. hastata CALAROBNR11(B) 204 2 ± 2.0 4 (green leaf) 
A. phaeoclavia CALAROBNR11(B) 361 13.6 ± 3.7 4 
A. robinsonii CALAROBNR11 
(original) 
145 1.4 ± 1.4 5 
A. robinsonii CALAROBNR11(A) 268 0 2 (rhizoids) 
A. robinsonii CALAROBNR11(B) 167 17 ± 5.5 5* 
A. tentaculata CALAROBNR11(B) 360 5.8 ± 3.2 5 
A. venusta CALAROBNR11(B) 479 6.3 ± 1.8 4 
Glossodia major CALAROBNR11(B) 522 0 2 
 
*60% germination recorded after 10 weeks from one plate (not included in data analysis).
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For seeds of A. robinsonii, germination differed significantly among the original isolate and 
the two re-isolates from a germinated protocorm (Kruskal-Wallis test, H =7.4, p=0.025; 
Appendix B, Table 3.6.2).  Re-analysis of the data after removing the isolate 
CALAROBNR11 (A) with a mean germination of zero, suggested that germination did not 
differ significantly between the original isolate and the re-isolate from a germinated 
protocorm CALAROBNR11 (B) (ANOVA, F=5.78, p=0.053; Appendix B, Table 3.6.3). 
 
 
3.3.10 Experiment 8. Growth and development of protocorms of Arachnorchis 
tentaculata after germination with and without a fungus 
The shape of symbiotic protocorms was different from that of asymbiotic protocorms (Fig. 
3.12).  Symbiotic protocorms were relatively squat in appearance when compared with 
asymbiotic protocorms, which tended to have a more elongated shape.  This experiment 
reports these differences in more detail as well as comparing the effect of inoculum from the 
host species (A. tentaculata) with an inoculum from a different species of orchid (A. 
phaeoclavia). 
 
All protocorms, whether symbiotic or asymbiotic, increased for all parameters measured over 
the 4-week period.  Although length, width and volume measurements of protocorms 
symbiotic with CALAPHAER18 were greater at t=0 than for the other treatments, increases 
over time for these parameters were greater with CALATENTR15 than CALAPHAER18, 
which in turn were greater than without inoculum.  These parameters almost doubled for 
protocorms symbiotic with CALATENTR15.  The length/width ratio was significantly less 
for inoculated than asymbiotic protocorms at all times, but the change in the ratio over time 
was the same for all treatments. 
 
Leaf length and leaf length/protocorm body length ratio was significantly greater at t=0 for 
protocorms symbiotic with CALAPHAER18 than for the other treatments, but increases over 
time resulted in symbiotic protocorms exceeding asymbiotic protocorms, but with no 
difference between symbiotic treatments at t=30. 
 
Length 
Asymbiotic protocorms of A. tentaculata and those inoculated with a fungus from an A. 
tentaculata plant (CALATENTR15) did not differ in length at the beginning of the 
experiment as Stage 3 protocorms (Fig. 3.13), but those inoculated with the fungus 
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Figure 3.12 Experiment 8: Differences in shape between symbiotic (A and B [black and 
white film]) and asymbiotic (C and D) seedlings (Stage 4) of Arachnorchis 
tentaculata.  (A) is symbiotic with CALATENTR15 fungus (Stage 4) and (B) 
is symbiotic with CALAPHAER18 fungus (Stage 3).  Rhizoids in B, C and D 
have collapsed from desiccation during photography.  Scale bars equal 1 mm. 
A B 
C D 
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Figure 3.13 Experiment 8: Differences in A.) length and B.) width measurements for 
Arachnorchis tentaculata protocorms without fungus (asymbiotic) or symbiotic 
with fungi CALATENTR15 or CALAPHAER18 over a period of 30 days.  
Means plotted ± standard error.  Diagrams of protocorms are proportionate but 
not to scale. t=0 is equivalent to 14 weeks from sowing. 
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CALAPHAER18 (from an A. phaeoclavia plant) were significantly longer (Mood’s median 
test, Chi2=22.89, p<0.001; Appendix B, Table 3.7.1).  After 4 weeks’ growth, protocorms 
inoculated with fungi were significantly longer by 30% (Fig. 3.13) (Mood’s median test, 
Chi2=27.17, p<0.001; Appendix B, Table 3.7.2) [averaging 1.99 mm in length (Table 3.10), 
than asymbiotic protocorms, with an average length of 1.3 mm].  Protocorms inoculated with 
CALATENTR15 increased in length more than those that were inoculated with 
CALAPHAER18, which in turn increased more in length than protocorms without inoculum 
(Fig. 3.14) (Mood’s median test, Chi2=49.34, p<0.001; Appendix B, Table 3.7.3).   
 
Width 
The three groups of protocorms were significantly different in width (Mood’s median test, 
Chi2=44.47, p<0.001; Appendix B, Table 3.7.4) at the beginning of the experiment (Fig. 
3.13).  By the end of the experiment, the width of asymbiotic protocorms was the smallest, 
averaging 0.56 mm (Table 3.10), with no difference in width between the two inoculated 
groups of protocorms (Mood’s median test, Chi2=17.79, p<0.001; Appendix B, Table 3.7.5), 
which were double the width of asymbiotic protocorms averaging 1.14 mm.  Similar to the 
change in length, the change in width after 4 weeks’ growth was greatest for protocorms 
inoculated with CALATENTR15, followed by those inoculated with CALAPHAER18 with 
asymbiotic protocorms increasing by the least amount (Fig.3.14) (Mood’s median test, 
Chi2=49.18, p<0.001; Appendix B, Table 3.7.6). 
 
Volume 
All protocorms increased in volume (Table 3.11).  The volume of protocorms at t=0 differed 
significantly among the three groups, with protocorms inoculated with CALAPHAER18 
commencing with the greatest volume (Mood’s median test, Chi2=42.2, p<0.001; Appendix 
B, Table 3.7.7).  After 4 weeks’ growth protocorms inoculated with fungi were significantly 
greater in volume than asymbiotic protocorms (Mood’s median test, Chi2=27.75, p<0.001; 
Appendix B, Table 3.7.8).  Protocorms inoculated with CALATENTR15 increased in volume 
the most (Mood’s median test, Chi2=38.93, p<0.001; Appendix B, Table 3.7.9) over the 4 
week period (Figure 3.15) and exceeded the final volume attained by protocorms inoculated 
with CALPHAER18 (Table 3.11), which had started the experiment with the greatest average 
volume.  Asymbiotic A. tentaculata protocorms showed the least increase in volume, of 0.102 
mm3 over 4 weeks. 
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Figure 3.14 Experiment 8: Change in length and width measurements for A. tentaculata 
protocorms grown without fungi (asymbiotic) and symbiotic with fungi 
CALATENTR15 and CALAPHAER18 over a period of 30 days.  Means 
plotted ± standard error. Different letters (i.e. a and b, A and B) among 
treatments describes a significant difference.  
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Figure 3.15 Experiment 8: Change in volume over a period of 4 weeks of Arachnorchis 
tentaculata protocorms; without fungi, symbiotic with CALATENTR15 
(CTR15) and symbiotic with CALAPHAER18 (CPR18).  Means plotted ± 
standard error.  Different letters (i.e. a and b) among treatments describes a 
significant difference. 
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Length/width ratio 
Protocorms symbiotic with CALATENTR15 or CALAPHAER18 were a similar shape, with a 
length/width ratio of 1.4 (Table 3.11).  By comparison, asymbiotic protocorms were 
significantly longer at the commencement of the experiment, averaging a length/width ratio of 
1.95 (Mood’s median test, Chi2= 19.1, p<0.001; Appendix B, Table 3.7.10).  Asymbiotic 
protocorms of A. tentaculata remained more elongated than symbiotic protocorms throughout 
the experiment (Mood’s median test, Chi2=27.26, p<0.001; Appendix B, Table 3.7.11) (Table 
3.11).  The rate of change for the length/width ratio over the 4-week period did not differ 
among groups (ANOVA, F=0.94, p=0.392; Appendix B, Table 3.7.12).  Protocorms 
symbiotic with CALATENTR15 or CALAPHAER18 elongated slightly to average a 
length/width ratio of 1.8 at t=29, whereas asymbiotic protocorms averaged a ratio of 2.4 
(Table 3.11). 
 
Leaf length 
The length of the leaf for all protocorms, whether symbiotic or asymbiotic, increased 
significantly after 4 week’s growth (Table 3.12).  Leaf length of protocorms inoculated with 
CALAPHAER18 was greatest at t=0 (Mood’s median test, Chi2=38.84, p<0.001; Appendix B, 
Table 3.7.13a), with no difference in leaf length between asymbiotic protocorms and those 
inoculated with CALATENTR15 fungus (Mood’s median test, Chi2=1.24, p=0.266; Appendix 
B, Table 3.7.13b).  For symbiotic protocorms, there was little growth of the shoot during the 
first 2 weeks, but rapid growth occurred during the second 2-week period (Fig. 3.16).  By the 
end of the experiment, the leaf length of symbiotic protocorms was significantly greater 
(Table 3.12) than for asymbiotic protocorms (Mood’s median test, Chi2=27.61, p<0.001; 
Appendix B, Table 3.7.14), with a faster rate of growth (Mood’s median test, Chi2=26.01, 
p<0.001; Appendix B, Table 3.7.15) (Fig. 3.17).  
 
Leaf length/protocorm body length ratio 
The leaf of symbiotic seedlings on day 28 of the experiment exceeded the length of the 
protocorm body (i.e. ratio of leaf length to protocorm body length > 1.0; Table 3.12), whereas 
the leaf of asymbiotic protocorms did not (i.e. ratio < 1.0).  The ratio of leaf length/protocorm 
body length at t=0 was significantly greater for protocorms inoculated with CALAPHAER18 
(Mood’s median test, Chi2=38.35, p<0.001; Appendix B, Table 3.7.16) when compared with 
asymbiotic protocorms and those protocorms inoculated with CALATENTR15.  After 4 
weeks, the ratio differed significantly between symbiotic and asymbiotic protocorms (Mood’s 
median test, Chi2=28.48, p<0.001; Appendix B, Table 3.7.17) by at least five-fold (Table  
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Figure 3.16 Experiment 8: Leaf length of asymbiotic and symbiotic Arachnorchis 
tentaculata protocorms over a period of 28 days.  Means plotted ± standard 
error.  Drawings of protocorms are proportionate but not to scale. 
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Figure 3.17 Experiment 8: Change in leaf length of asymbiotic and symbiotic Arachnorchis 
tentaculata protocorms over a period of 4 weeks.  Means plotted ± standard 
error.  Different letters (i.e. a and b) among treatments describes a significant 
difference. 
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3.12).  The change in this ratio over time also differed significantly between symbiotic and 
asymbiotic protocorms (Mood’s median test, Chi2=26.32, p<0.001; Appendix B, Table 
3.7.18), with asymbiotic protocorms changing the least. 
 
Rhizoid development 
Rhizoid development varied among treatments.  Protocorms of A. tentaculata symbiotic with 
CALAPHAER18 fungus seemed healthy and appeared very similar to protocorms of A. 
tentaculata symbiotic with CALATENTR15 fungus.  However, by the end of 28 days, 
copious amounts of white hyphae were wrapped around the rhizoids.  The rhizoids seemed to 
cease growing during the experiment and appeared as short, stubby hairs rather than long, 
smooth structures anchoring the protocorm to the substrate as was the case with the 
CALATENTR15 symbiosis.  Asymbiotic protocorms showed minimal rhizoid development, 
unlike symbiotic protocorms.   
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3.3.11 Experiment 9. Growth and development of protocorms of three orchid species after 
germination with fungi 
Species varied in the time taken to form Stage 3 protocorms, from 3 to 10 weeks.  Seeds of A. 
tentaculata developed into Stage 3 protocorms 3 to 4 weeks from sowing, while seeds of A. 
hastata and A. venusta took 7 to 8 weeks.  All species formed Stage 4 protocorms with a 
green leaf. 
 
Protocorms symbiotic with fungi isolated from the same species of orchid as the seed varied 
significantly for a range of growth measures (Table 3.13).  The three symbioses resulted in 
what appeared to be healthy protocorms, all increasing significantly for protocorm length, 
protocorm width and leaf length between day 1 and day 28 of the experiment (Fig. 3.18) 
(Appendix B, statistic tables 3.10.1-3.10.9). 
 
A. venusta and A. hastata protocorms began with the same average protocorm body length 
and leaf length measurements (Table 3.13) (Appendix B, statistic tables 3.11.1, 3.11.5), but by 
the end of 28 days the A. hastata symbiosis exceeded both of these measurements recorded 
for the A. venusta symbiosis (Mood’s median test, protocorm body length: Chi2= 16.23, 
p<0.001; leaf length: Chi2= 10.82, p=0.004; Appendix B, Tables 3.11.2 and 3.11.6).  
Comparison of the A. venusta and A. tentaculata symbioses showed that A. tentaculata 
protocorms matched the A. venusta measurements (Table 3.13) for protocorm body length, 
protocorm body width (Mood’s median test, Chi2=26.37, p<0.001; Appendix B, Table 3.11.4) 
and leaf length (Mood’s median test, Chi2=10.82, p=0.004; Appendix B, Table 3.11.6) by the 
end of 28 days, although beginning the experiment with the smallest measurements for these 
categories (Table 3.13).   
 
The A. hastata symbiosis with fungus CALAHASTR37 resulted in significantly greater 
changes in protocorm length (Mood’s median test, Chi2= 20.2, p<0.001; Appendix B, Table 
3.12.1) and protocorm width (Mood’s median test, Chi2= 32.77, p<0.001; Appendix B, Table 
3.12.2) after 28 days (Fig. 3.19) when compared with the other two combinations.  The 
change in leaf length for A. hastata was significantly greater than that for A. venusta 
protocorms (ANOVA, F=8.77, p<0.001; Appendix B, Table 3.12.3), but not A. tentaculata.  
The change in volume for A. hastata protocorms was significantly greater than that attained 
by the other two symbioses (Fig. 3.20), but all changes in volume among species differed 
significantly from one another (ANOVA, F=20.55, p<0.001; Appendix B, Table 3.12.4). 
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Figure 3.18 Experiment 9: Growth of the protocorm body, over a period of 28 days, of 
Aracnorchis hastata, A. tentaculata and A. venusta symbiotic with fungi 
derived from the same species of orchid as the seed.  Means plotted ± standard 
error. 
 
A. Length of the protocorm body, B. width of the protocorm body. 
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Figure 3.19 Experiment 9: Differences in the amount of change in growth over 4 weeks for 
Arachnorchis tentaculata, A. venusta and A. hastata symbiotic protocorms.  
Means plotted ± standard error.   
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Figure 3.20 Experiment 9: Differences in the amount of change in volume over 4 weeks for 
Arachnorchis tentaculata, A. venusta and A. hastata symbiotic protocorms.  
Means plotted ± standard error.   
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3.4 DISCUSSION 
Symbiotic germination levels for species of Arachnorchis were greatly improved after 
reviewing surface-sterilisation protocols and combining seeds with effective fungal 
symbionts.  Common species germinated to levels of 72% while threatened species 
germinated to 17% and up to 60% after 10 weeks. 
 
3.4.1 Seed treatment 
Surface-sterilisation 
It is recommended that excessive surface-sterilisation be avoided when germinating orchid 
seeds in aseptic conditions.  Sensitivity of Arachnorchis seeds to hypochlorite was recorded 
and it was critical to avoid unacceptable seed death during surface-sterilisation.  Seed surface 
sterilisation conditions of 3 minutes in 0.5% available chlorine were optimal.  This is because, 
similar to Clements and Ellyard (1979), this protocol ensured good viability of seed and 
minimised associated contaminating fungi. Germination levels were acceptable up until 3.5 
min in 0.5% available chlorine, but after this duration, significant levels of seed death were 
recorded. 
 
All species tested had dark brown, almost black seeds, possibly indicating a high level of 
suberin in the testa (Harvais, 1980).  Suberin was expected to protect the seeds from the 
hypochlorite solution, but this did not appear to be the case.  However, seeds of Arachnorchis 
are very small (0.6 mm x 0.12 mm) resulting in a relatively large surface area in contact with 
the hypochlorite solution.  The testa is also relatively thin with ornate gaps between the bands 
of testa material.  These gaps would allow entry of the hypochlorite solution regardless of the 
amount of suberin that the testa contained. 
 
Viability tests 
The numbers of viable embryos, after prolonged treatment in sodium hypochlorite, was over-
estimated by the TTC assay for viability.  The recording of false-positives might have caused 
this over-estimation.  Embryos still appeared pink and were therefore recorded as viable, even 
though sufficient cells may have been killed to prevent germination.  Ellis et al. (1985) note 
that the partial staining of embryos can make the classification of embryos as either viable or 
non-viable extremely difficult and that pink staining can also be indicative of dead tissues.   
 
The bright fluorescence shown by viable seeds soaked in water using FDA gave a highly 
visual exhibition of the damaging effect of soaking A. fulva seeds in 1% available chorine for 
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10 min as recommended by recent germination protocols (Batty et al, 2001a).  However, 
damage by 1% available chorine solution was not significant when seeds of A. phaeoclavia 
were soaked for up to 5 min.  FDA testing appeared more accurate than TTC assay, but this 
test was not used extensively. The drawback of the FDA method was the need for a 
fluorescent microscope and rapid scoring, whereas the TTC assay could be scored post-testing 
and by using an ordinary dissecting microscope. 
 
Viability of dried Arachnorchis seeds did not reduce over a 12-month period when stored at 
4oC.  This contrasts with the seeds of Arachnorchis arenicola that showed significantly 
reduced symbiotic germination after storage at 4oC for 12 months (Batty et al., 2001a).  The 
Arachnorchis seeds in this study might have shown significantly reduced symbiotic 
germination, but the histochemical viability tests could not show this and symbiotic 
germination in relation to seed age and storage was not investigated. 
 
Recommendations for the future 
Histochemical stains are useful for determining general sensitivity of different species to seed 
surface-sterilisation procedures and should be used to confirm the appropriateness of the 
protocols used, prior to conducting germination trials.  The surface-sterilisation protocols used 
nearly three decades ago (Clements and Ellyard, 1979) are confirmed by this study and have 
assisted in achieving higher levels of germination with some species of Arachnorchis than 
achieved by more recent protocols (Batty et al., 2001a).   
 
As an indicator of expected germination, chemical viability testing should be used as a guide 
only since the results from a range of histochemical staining procedures have been shown to 
over-estimate viability (Batty et al., 2001a).  There is no substitute for testing seeds with a 
known compatible fungus or on an appropriate asymbiotic medium. 
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3.4.2 Host (orchid) factors 
Variation in germination 
Seeds of common species like A. phaeoclavia and A. tentaculata appeared to have greater 
germination than the seeds of rarer species like A. fulva.  Seeds of all species imbibed water 
readily, suggesting high viability of the seed samples, but advancement to Stage 2 or 3 
protocorms was only reliable for the common species A. phaeoclavia, A. tentaculata and G. 
major.  
 
Common species like A. phaeoclavia and A. tentaculata grew rapidly and uniformly into 
protocorms with a leaf within 8 weeks (up to 65% to Stage 3 within 5 weeks).  However, A. 
clavigera, which is considered common was difficult to germinate.  Similar to A. clavigera, 
threatened species such as A. fulva, A. venusta and A. robinsonii were slow to develop and 
some species developed over an extended period of time (e.g. A. robinsonii recorded 17% 
Stage 3 protocorms at 6 weeks, but 60% at 10 weeks).  By contrast, 66% of seeds of A. 
formosa (threatened species) reached Stage 3 within 4 weeks when combined with an 
effective fungal symbiont (Huynh et al., 2004). 
 
Germination of seeds varied greatly among orchid species and it was essential to record 
germination data over a number of weeks, with germination best recorded at week 5.  The 
time for recording germination varied depending on the inoculum and orchid species tested.  
CALAPHAER18 fungi with A. phaeoclavia, A. tentaculata and G. major seeds could be 
recorded for germination at 4 weeks, but this was only because the test orchid seed 
germinated uniformly with the germinating fungus used.  However, it was more common that 
seeds germinated sporadically from 2-6 weeks.  Data recorded for only 3-4 weeks did not give 
an accurate picture of the effects of some treatments, whereas recording of germination at 5 or 
6 weeks gave a better indication of symbiont potential when slow growth of protocorms was 
encountered.   
 
Seed condition 
There was an indication that seeds from an endangered species were likely to be as viable as 
seeds from a common species.  Factors other than the quality of the seed, such as after-
ripening, dormancy and germinating inocula, are possibly linked to the rarity or abundance of 
orchid species.  Although seeds of the threatened A. fulva appeared highly viable, symbiotic 
germination was poor.  It is possible that a dormancy mechanism was operating in the seeds 
or that a period of after-ripening was required, similar to Cypripedium seeds (e.g. De Pauw 
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and Remphrey, 1993; Light and MacConaill, 1998; Miyoshi and Mii, 1998).  However, seeds 
of A. fulva that were sown immediately after harvest or after 12 months storage showed little 
difference in germinability.  On the other hand, A. phaeoclavia is a relatively common species 
and germination ranged from poor to excellent when the same surface-sterilised seed sample 
was used, but different inocula were tested.  Similar to A. phaeoclavia, A. formosa recorded 
germination levels of up to 66% (Huynh et al., 2004), indicating a viable seed sample from a 
threatened species, but with little evidence of dormancy. 
 
Growth 
Growth of protocorms varied greatly among species of orchid from unimbibed seeds to Stage 
5 seedlings ready for deflasking.  To compare germination and growth of orchid species, it 
was critical to report results as a combination of time taken to reach a particular useful stage 
of development.   
 
The categories (0-6) of Clements et al. (1986) were the most useful and unambiguous to use 
for Arachnorchis.  Warcup (1973) admitted to difficulties in distinguishing between Stage 3 
and 4 protocorms using his system and so that system was avoided.  The system of Wilkinson 
et al. (1989) can misleadingly suggest development has occurred at Stage 1, whereas Stage 0 
of Ramsay et al. (1986) and Clements et al. (1986) suggests no advance on the original state.  
However, the system of Ramsay et al. (1986) does not differentiate “the development of a 
green leaf/mature organ and/or dropper tuber”, combining all of these categories under Stage 
5 and Wilkinson et al. (1989) makes no mention of the dropper with categories modified from 
Ramsay et al. (1986).  The system of Clements et al. (1986) is more descriptive and therefore 
useful as it defines a green leaf as Stage 4 and a dropper as Stage 5.   
 
The development of Stage 3 protocorms with a shoot primordium was a good indicator of the 
fungi capable of promoting sustained growth of the orchid, unlike Stage 2 protocorms that 
often ceased development at that stage (Warcup, 1973).  Germination was therefore taken as 
the count of Stage 3 protocorms as these protocorms were most likely to continue 
development into Stage 5 protocorms able to be deflasked.   
 
A category to describe the development of a dropper was important for comparing symbiotic 
and asymbiotic seedlings.  Asymbiotic Arachnorchis protocorms did not develop into Stage 5 
protocorms, rather the protocorm body itself elongated without formation of a dropper per se.  
This was one of several noticeable differences in development between symbiotic and 
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asymbiotic protocorms.  Although both types reached a Stage 4 protocorm with a green leaf, 
the leaf of asymbiotic protocorms was often unusually short when compared with the 
protocorm body, particularly when compared with symbiotic growth. 
 
Inoculation 
Germination and growth were usually greatly improved when seeds were inoculated with 
fungi.  For all species, whether common or threatened, germination within 6 weeks was zero 
if no fungi were added.  Without fungi, no germination occurred with A. formosa (threatened) 
(Huynh et al., 2004).  The eventual development of asymbiotic protocorms to the green leaf 
stage after 10 months (probably the maximum possible period of moisture for anywhere in 
Victoria), suggests that even if nutrition was available for germination, protocorms would be 
unlikely to survive without fungi in Victoria (and likely other states), since desiccation would 
occur sooner than tuber development.   
 
However, inoculum did not produce uniformly better germination with a seed sample.  
Germination of A. phaeoclavia ranged from 2.6 to 65% when seeds were inoculated with 
fungi from A. phaeoclavia plants.  Similarly, germination of A. formosa ranged from 0 to 66% 
when seeds were inoculated with fungi from A. formosa plants (Huynh et al., 2004).   
 
Such differences in germination are most likely associated with the inoculum rather than the 
orchid species or a particular seed sample.  Effective inocula were quickly isolated from 
common species such as A. phaeoclavia and A. tentaculata, but even after seven collar 
isolations were taken from different plants of the endangered A. fulva, germination did not 
exceed 5.8% within 6 weeks.  It is possible that rarity of an orchid is associated with a 
scarcity of effective mycorrhizal fungi and that more common orchids associate with fungi 
that are more common in the environment.  
 
No germination, and a different morphology from the fungi usually isolated from an orchid 
species, suggests the possibility that a non-mycorrhizal fungus was isolated from the orchid 
(Huynh et al., 2004).  When germination is achieved, differences in the level of germination 
have been associated with the stage of development of the host orchid and/or the appearance 
of pelotons within the tissues of the host orchid (Huynh et al., 2004).  However, with A. 
tentaculata the extreme abundance and viability of pelotons in collars CALATENTR2 and 
CALATENTR16 (data not shown) did not result in improved germination of seeds, but rather 
the opposite. 
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Recommendations for the future 
Reporting of germination should follow the categories of Clements et al. (1986) to limit 
ambiguity in scoring and reporting.  The time taken to reach the documented stages must also 
be reported to allow better comparison of orchid seed germination results among researchers.  
Germination scoring at 5 weeks was optimal for most Arachnorchis species and germination 
of seeds was much improved with fungi than without. Germination should be assessed at 5 
weeks, but if a particular species appears inherently slow, for example A. robinsonii, then 
scoring should continue.  As a minimum requirement, seeds (cross-pollinated) from common 
and rare orchid species should be dried and stored at 4oC.  
 
Common species of orchid were useful to compare with threatened species in this study 
because they produced results more easily and rapidly.  Plentiful quantities of seed and collars 
from common species allowed for optimisation of germination protocols without wasting 
plant materials from threatened species.  Work on common species also provided expectations 
of time taken for various developmental stages to occur that were directly related to work on 
threatened species.  Work on other threatened species (e.g. A. formosa) has shown that 
germination of rare species can be just as rapid and successful as that of common species if a 
compatible effective fungus is combined with the seed (Huynh et al., 2004).  In addition, the 
response of common species’ seeds to different inocula warns the researcher to keep 
searching for ‘that ideal combination’ since the same variation in germination was seen with 
common species as it was with threatened species. 
 
 
3.4.3 Symbiont (fungus) factors 
Origin of isolate 
All peloton cultures from a single collar produced similar germination responses.  It is 
possible that this is a peculiarity of Arachnorchis orchids relating to the lack of robustness of 
the symbiont.  Warcup (1971) indicated that isolating the slow-growing ‘Sebacina vermifera’, 
the symbiont of Arachnorchis, was difficult if other fungi were plentiful.  Hence, if an isolate 
failed to germinate seeds of the orchid from which it was isolated, then there was a possibility 
that the endophytes in that orchid at the time of isolation were more numerous than the 
mycorrhizal symbiont.  Being more numerous, and most likely faster growing and more 
robust, these other fungi would tend to dominate all of the cultures obtained from that orchid 
collar.  This seemed particularly so in the case of the endangered species A. fulva.  All peloton 
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cultures from CALAFULVR4 were ineffective at germinating the seeds of A. fulva and very 
few, if any, protocorms developed.  It was more efficient to seek out another collar from a 
different plant than it was to persevere with individual peloton cultures from an ineffective 
collar.  Indeed, Warcup (1973) found that fungi isolated from the soil were often more 
efficient at germinating seeds than the fungi isolated from the orchid host.  
 
If, on the other hand, this slow-growing symbiont was the only or most plentiful fungus 
within the orchid at the time of isolation, then all cultures from that collar would be expected 
to germinate seeds effectively.  The high germination from CALATENTR1 and 
CALAPHAER18 collars provides this evidence, with all fungal cultures prepared from these 
collars being effective at germinating seeds of the respective host orchid (>50%).   
 
Time of isolation 
Timing of collar removal is a critical issue for rare species.  The finding that it was 
unnecessary to remove collars early in the season would assist in preserving rare species.  It 
was possible that the fungi most efficient at germinating orchid seeds were most abundant 
when soil temperatures were warm and still relatively moist at the end of spring.  The 
occurrence of effective cultures in the tissues of senescent orchid plants could be useful for 
collection of fungi for conservation purposes.  Plants at this stage of development had already 
formed a replacement tuber and potentially seed, and so the removal of the collar would 
probably have little effect on the resource needs of the tuber.  In populations of few individual 
orchids, removing a collar early in the growing season might risk the loss of that plant.  A 
plant without sufficient tuber reserves to produce the replacement tuber, (without 
photosynthetic assistance), would probably perish (see Chapter 2).   
 
The lack of difference in effectiveness of fungal isolates collected at different phenological 
stages of the orchids was unexpected.  Of seven collars taken, only one was considered 
reliable, with a reasonable level of germination of A. fulva seeds, but even this was less than 
20% germination.  This collar was collected in September from a robust plant with an 
expanded flower.  Other collars were taken throughout the year, from May onwards, and from 
plants in bud, but germination using cultures from these collars was very low (<10%).  The 
most effective culture, CALAFULVR29, was a slow-growing, hyaline fungus with 
similarities to other effective Arachnorchis fungi from A. phaeoclavia and A. tentaculata.  
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In the case of A. fulva, which was difficult to germinate, the most effective and consistent 
isolate (R29) came from a plant in full flower in September.  Several effective fungal isolates 
were harvested from the collars of reproductive orchids.  It was impossible to determine if 
reproductive status of the orchid or the time of year was most important factor for isolating an 
effective fungus, but Masuhara et al. (1988) found differences in the types of fungi isolated, 
as did Huynh et al. (2004).  Flowering plants were generally robust individuals with large 
leaves, possibly indicating that the fungal partner was also healthy and a highly compatible 
strain.  Repetition of such studies is required to determine if there is a higher probability of 
obtaining effective fungal strains from reproductive plants late in the growing season.  Should 
this prove to be correct, then an orchid can flower, set seed and provide the fungus capable of 
germinating those seeds, all without endangering the plant itself. 
 
Pelotons can contain more than one fungus (Kristiansen et al., 2001) and when both are 
rhizoctonias, they are difficult to distinguish.  The high variability in germination among 
replicates demonstrated the need to use cultures known to contain only one fungus.  By 
eliminating this variable, any data collected would give a more accurate comparison of fungal 
influence on seed germination over time. 
 
Specificity 
There was an indication of specificity of particular fungi with species of Arachnorchis, with 
A. phaeoclavia, A. tentaculata and G. major forming a group compatible with 
CALAPHAER18 cultures.  Warcup (1981, 1988) recorded similar observations with C. 
dilatata and G. major using a fungal isolate from a C. dilatata plant that he identified as 
Sebacina vermifera.  He tested a range of other Caladenia sensu lato species that were also 
compatible, but he did not indicate the percentage of germinated seeds, only that protocorms 
reached the green leaf stage. 
 
It is possible that the seeds of A. tentaculata germinated with CALAPHAER18 fungus might 
have survived if a second inoculation had been made using a fungus from A. tentaculata.  
Orchids are capable of harbouring several fungi simultaneously (Kristiansen et al., Huynh et 
al., 2004).  It is possible that there is more than one path leading to successfully established 
seedlings, other than the direct route of seed encountering the fungus that both germinates and 
sustains further growth. 
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Recommendations for the future 
It is recommended that seeds of orchid species “A” should be germinated with fungi isolated 
from that species of orchid.  There was no “super” fungus found during this study and the 
germination of seeds with fungi from other orchid species resulted in failure of protocorms to 
thrive some time later on.   
 
3.4.4 Symbiosis factors 
Best combinations 
The best combinations of host plant and fungus appeared to depend on the effectiveness of the 
symbiotic fungus with that particular species of orchid.  The very effective germinating fungi 
from collar CALAPHAER18, capable of germinating seeds of A. phaeoclavia, A. tentaculata 
and G. major, were completely ineffective with seeds from A. amoena, A. clavigera, A. 
hastata and A. venusta.  Such dramatic differences concur with Warcup (1973) with 
Thelymitra species and must be attributed to particular orchid-fungus interactions and not just 
to solely fungal characters. 
 
Unfortunately, the effective fungi from the more common species were not useful for 
germinating the rarer species.  Fungi from A. phaeoclavia did effectively germinate seeds of 
A. tentaculata and Glossodia major, but further study of A. tentaculata protocorms suggested 
that this cross-species symbiosis was likely to fail as the protocorm developed.  
 
Variation in germination was high between replicate plates in many experiments, similar to 
the observations of Rasmussen and Whigham (1998).  However, some orchid species and 
fungal isolates appeared well matched.  It was hypothesized that common species of orchids 
were less specific in their requirements of a mycorrhizal fungus, hence the abundance of 
individual plants.  In the current study, A. tentaculata, A. phaeoclavia and G. major were 
considered common and all germinated readily with the R18 isolate from A. phaeoclavia.  By 
contrast, the endangered species A. amoena, A. hastata and A. venusta did not germinate with 
the R18 isolate, suggesting that a stronger specificity was operating for threatened species.  
However, A. clavigera is common and was also difficult to germinate and so did not support 
the hypothesis of common species having a lower specificity for a particular mycorrhizal 
fungus.  Further testing of this hypothesis is needed with multiple samples of seeds from 
many species to clarify the trends. 
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Potentially more seeds could be converted to healthy seedlings, using a combination of 
germinating and seedling fungi, providing that the seedling fungus could dominate or replace 
the germinating fungus.  It is possible to use a germinating fungus to germinate the seeds from 
a different species of orchid (e.g. CALAPHAER18 germinating A. tentaculata and Glossodia 
major seeds).  After the seeds have germinated and reached Stage 3, it might be possible to 
introduce an appropriate seedling fungus, most likely from the same orchid species as the 
seed.  Experiment 6 showed that higher germination levels could be achieved using fungi 
from orchids of a different species to the seeds, than using fungi from the same orchid species 
as the seed.  However, Experiment 8 showed that the initial growth using a foreign fungus 
was not sustained and seedlings failed to grow normally, even though up to Stage 4 they 
appeared healthy and robust like a compatible match might look.  Although fewer seeds 
germinated and protocorm growth was slower initially, the ‘A tentaculata seed/A tentaculata 
fungus’ match caught up to the ‘A tentaculata seed/A phaeoclavia fungus’ match and if this 
trend continued would have exceeded the growth shown by the ‘A tentaculata seed/A 
phaeoclavia fungus’ match. 
 
The most robust protocorms were those that were germinated in the presence of a fungus from 
the same species of orchid.  Similar to other studies (Chang and Chou, 2001), when fungi 
from other sources were used, results varied from zero germination up to very high levels.  
Germination varied for the ‘A tentaculata seed/A phaeoclavia fungus’ match, with one Petri 
dish having zero germination and the other four Petri dishes having up to 76% germinated 
seeds.  Protocorms germinated using fungi from another species of orchids generally slowed 
in growth at various stages of development (Warcup, 1973) and in the case of A. tentaculata 
protocorms, eventually rhizoids became stunted and abnormal.  However, protocorms from 
the common G. major germinated in the presence of isolate R18 remained healthy and grew 
normally, and so some orchids might have less specific requirements than others. 
 
The isolate R11 from A. robinsonii was a versatile isolate, being able to promote germination 
in a range of species.  This isolate performed best with seeds from A. robinsonii, but was 
either able to overcome the specificity of some orchid species by behaving like a “master key” 
or the culture itself was a mixture of fungi, and included additional strains appropriate to 
orchids other than A. robinsonii.  This is quite feasible since more than one fungus has been 
identified from single pelotons by using molecular tools (Kristiansen et al., 2001) and Huynh 
et al. (2004) noted morphological differences among fungi from single pelotons for 
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Arachnorchis formosa.  Further investigation of the fungal culures from the Arachnorchis 
species in this study is required. 
 
The fungus CALAPHAER18, isolated from an A. phaeoclavia plant, gave better germination 
percentages with seeds of G. major (72%) and A. tentaculata (66%) than it did with A. 
phaeoclavia (65%).  Seeds from A. phaeoclavia and A. tentaculata, two very closely related 
species, germinated quite readily and to similar levels.  It was difficult to explain why the 
seeds of G. major germinated so readily.  Glossodia major is a closely related to 
Arachnorchis (Jones et al., 2001), and although germination was expected (Warcup, 1981, 
1988, 1990), such high germination was not.  Warcup (1981) reported germination of G. 
major seeds using isolates of Sebacina vermifera from three species of Caladenia, but 
reported only the level of development reached by the protocorms.  In most cases, protocorms 
of G. major developed to the same or lesser extent as protocorms of the orchid from which the 
fungus was isolated (Warcup, 1981).  
 
 
Effect of rarity 
It was difficult to isolate effective germinating fungi from these rarer orchids, with the added 
complication that fungi isolated from a species of orchid did not necessarily germinate the 
seeds of that orchid.  This characteristic applied to common as well as rarer species of 
Arachnorchis.   
 
Another hypothesis was that the members of one taxonomic group might germinate with the 
same fungal isolate.  A fungus effective at germinating the seeds of A. phaeoclavia and A. 
tentaculata of the “C. dilatata group” might also be expected to germinate the seeds of A. 
amoena.  However, the R18 isolate from A. phaeoclavia failed to germinate the seeds of A. 
amoena.  A contributing factor to an orchid’s rarity or poor germination might be a stronger 
specificity for a particular strain of fungus regardless of the orchid’s taxonomic grouping 
based on morphology.   
 
Overall recommendations for the future 
For rapid and uniform germination of seeds using the symbiotic method, it was critical to 
combine seeds with a highly compatible fungus.  Cultures containing a mixture of 
germinating and parasitic fungi could explain the observations of some seeds germinating and 
becoming healthy protocorms while other seeds on the same germination plate failed to 
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develop beyond Stage 2 followed by digestion by a fungus (e.g. A. fulva and A. venusta seeds 
when combined with CALAROBNR11 fungus).  Protocorms were often observed arrested at 
the imbibed (1) or rhizoids (2) stage of development.  Death of a protocorm was sometimes 
not recorded until 7-12 months from sowing had elapsed and development had advanced to 
Stage 4.  Invasion of imbibed seeds by compatible fungi does not generate defence 
mechanisms (Petersen et al., 1996), but this lengthy period of time might indicate a response 
from the protocorm prior to finally being overcome by the fungal attack. 
 
 
3.4.5 Summary 
Arachnorchis seeds were viable and had the potential to germinate at high levels, providing 
that care was taken when surface-sterilising the seeds for in vitro culture.  When combined 
with an effective fungus, germination commonly exceeded 50%, but it was uncommon to 
isolate highly effective fungi from many of the species of orchid studied.   
 
In general, fungi isolated from an orchid germinated the seeds of that orchid better than the 
seeds of other species of orchid.  However, the isolate CALAPHAER18 from an A. 
phaeoclavia plant germinated the seeds of Glossodia major and A. tentaculata just as well as 
it germinated the seeds of A. phaeoclavia and germination of G. major was better with this 
fungus than with two isolated from G. major plants.  Whereas the A. tentaculata symbiosis 
appeared to fail as Stage 4 protocorms, the G. major symbiosis became a study for the 
following chapter on seedling growth.   
 
The effect of month of collection on germination level was inconclusive.  There was some 
suggestion that November and June were more likely to yield effective fungi, but this result 
was influenced greatly by the most effective cultures being isolated in these months.  There 
were few other cultures to compare with for these months and these effective cultures may 
have been the result of a chance event rather than relating to time of year or stage of the 
orchid plant.  Further study of this area is needed to clarify the situation. 
 
The conclusions from this study of germination were used in attempts to establish seedlings of 
Arachnorchis in soil-based media in the nursery.  The experiments described in the next 
chapter were the next stage in this process and were designed to: 
1) determine an optimal in vitro substrate for growth of Arachnorchis seedlings, 
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2) determine what effect sucrose levels have on growth and development of Arachnorchis 
seedlings, 
3) determine if other additives improve the growth of Arachnorchis seedlings in agar 
substrates, and 
4) describe the development of Arachnorchis seedlings after Stage 5.  
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4.1 INTRODUCTION 
 
Orchid seeds are usually sown on an agar medium with several transfers to fresh media after 
germination (McIntyre et al., 1972), until seedlings are considered large enough to deflask 
(remove from the sterile flask to a non-sterile nursery environment) or have produced tubers 
(Western, 1983; Dixon, 1989).  It is at this deflasking stage that the greatest losses of 
seedlings can occur (Zelmer and Currah, 1997; Hicks, 2000).  The expectation of survival 
after deflasking from agar for Arachnorchis species is about 10% (M. Thomas, ANOS, pers. 
comm.).  Such loss of valuable seedlings causes many orchid growers to persevere with plants 
in vitro until tubers eventually form.  It is hoped that these tubers have a greater chance of 
survival upon deflasking than the more vulnerable seedling.  However, for some genera such 
as Arachnorchis, tubers might be slow to form (Batty et al., 2001c) and seedlings must be 
maintained under sterile conditions for more than 12 months.  This process is time-consuming 
and costly to maintain.  Limited laboratory resources are employed on this task at the expense 
of other activities, at the end of which tubers might or might not have formed.  The 
probability of the plant material becoming contaminated (e.g. by mites) increases the longer 
the material has to be maintained in vitro.  For these reasons, deflasking of seedlings rather 
than tubers is a stage requiring thorough experimentation once adequate germination has been 
achieved. 
 
4.1.1 In vitro growth media 
Agar has an inhibitory effect on the growth of some plants (Debergh, 1983) and the removal 
of agar from orchid seedlings, prior to transfer to soil, results in damage to rhizoids and root 
hairs (Oddie et al., 1994).  Some substrates have proven superior to agar for the propagation 
of Australian terrestrial orchids and include ultrafine perlite and Gelrite (Oddie et al., 1994).  
The reasons for this may stem from a more rapid diffusion of nutrients and water to the 
growing seedling than agar can provide, resulting in better growth and development of 
rhizoids.  Such properties might exist in other substrates and testing of these substrates against 
orchid species and mycorrhizae for propagation in vitro would be useful.  Substrates must be 
inert and of a suitable pH.  Studies in the natural environment have shown that substrates are 
critical for successful germination and recruitment of wild orchids (Rasmussen and Whigham, 
1998), with decomposing wood from a range of species important in the recruitment of 
Tipularia discolor.   
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4.1.2 Moving from laboratory to nursery 
Caladenia species have proven slow to develop tubers in vitro (Batty et al., 2001c).  Rather 
than waiting until tubers have been produced before deflasking, orchid seedlings can be 
transferred to non-sterile nursery conditions and grown further using normal nursery 
procedures.  Plants grown in vitro must become accustomed to lower humidity levels, 
increased water loss, greater temperature fluctuations and often, higher light intensities, when 
they are moved ex vitro (George, 1993).  It is at this stage that the highest number of 
casualties often occurs (Dixon, 1989; Zelmer and Currah, 1997; Hicks, 2000).  There is also 
some evidence that tissue-cultured plants grown under high levels of sucrose do not deflask 
well (George, 1993).  Fog tents and controlled humidity cabinets used during the 
acclimatisation phase slow the rate of water loss prior to stomata functioning normally.  Plants 
are also moved from a sterile environment to one where they are exposed to bacteria, fungi 
and other potentially hazardous micro-organisms.  Reducing these micro-organisms in the 
potting mix by steam or radiant sterilisation can assist the survival of recently deflasked 
seedlings (Dixon, 1989).   
 
4.1.3 Symbiotic compared with asymbiotic seedlings 
Symbiotic seedlings usually survive the deflasking stage better than asymbiotic seedlings, 
where only the largest specimens survive for any length of time (Dixon, 1989; Bohm, 1991; 
Gangaprasad et al., 1999).  Even when asymbiotic seedlings do survive deflasking, they 
generally display a characteristic loss of vigour during the following growing seasons (Bohm, 
1991).  It is assumed for symbiotic seedlings that a mycorrhizal fungus can probably re-
establish as a water and nutrient gatherer (Yoder et al., 2000) more quickly than the orchid 
can re-establish a damaged system of rhizoids or root hairs.  Using a system that does not 
require the removal of the substrate would protect the connections between the orchid and the 
mycorrhizal fungus.  Such a method would be more likely to result in reduced transplant 
shock and possibly higher survival of seedlings after deflasking.   
 
The method of growing several seedlings in the one communal pot, or compot, is often used 
(Bohm, 1991; Stenberg and Kane, 1998; Gangaprasad et al., 1999; Hicks, 2000).  Survival 
rates are probably better than when plants are grown separately because the larger pots dry out 
less rapidly (Hicks, 2000).  The sharing of mycorrhizal fungi might also have a role in this 
observation, with beneficial fungi invading weak or poorly symbiotic seedlings from more 
robust seedlings. 
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Once established in soil, Arachnorchis plants require considerable care and are not 
recommended for the novice grower (Nesbitt, 1979b; Richards et al., 1988).  Arachnorchis 
plants have been labelled “very difficult or impossible” to grow (Elliot and Jones, 1985), but 
good results for the cultivation of this genus have been obtained using a free-draining soil mix 
based on a sandy loam (Nesbitt, 1979d; Richards et al., 1988).  Attention to watering regimes 
and a free-draining soil mix appears to be of particular importance, as rotting of tubers is the 
usual cause of failure with this genus.  Nash (1970a, 1970b) achieved good results with South 
Australian species of Caladenia using a system that used two soil mixes in one pot.  Only the 
top third of the pot contained a loam mix with organic matter.  The remaining lower two-
thirds of the pot contained washed coarse sand. 
 
4.1.4 Aims 
This chapter sought to explore the effects of media before and after deflasking on survival and 
growth of seedlings of Arachnorchis and other closely related orchids such as Glossodia.  
About 8 weeks from sowing, many species in this study had seedlings with a leaf length 
greater than 3 mm and could be removed easily from germination plates.  These seedlings 
required a fresh nutrient medium for further growth and could be removed from the flask once 
large enough to pot into soil.  An investigation of other substrates might discover a better 
substrate than agar, leading to better growth in vitro and more seedlings surviving deflasking 
and re-emergence after deflasking. 
 
Specifically, this chapter details experiments designed to:  
• describe the developmental stages of symbiotic seedlings up to and including the second 
season, 
• examine the effect of different additives in agar on the growth of A. robinsonii 
(Experiment 1), 
• examine the effect of sucrose in agar on the growth of seedlings and their survival after 
deflasking (Experiment 2), 
• examine the effect of fungal strain in agar on the growth of seedlings and their survival 
after deflasking (Experiment 3), 
• examine the effect of substrates other than agar, and sucrose levels on the growth of 
Arachnorchis and other orchids (Experiments 4, 5 and 6),  
• and examine the survival of seedlings (in the second season from deflasking) in a garden 
bed (Experiment 7). 
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4.2 MATERIALS AND METHODS 
 
General 
 
4.2.1 Transfer of protocorms from germination plates 
The following procedures took place within the sterile environment of a laminar flow cabinet.  
Protocorms were removed from germination plates after 8-15 weeks or when most plants had 
developed a green leaf of at least 3 mm long (Stage 4).  Plants were usually removed from 
germination plates prior to the leaf length exceeding 15 mm.  These Stage 4 protocorms were 
placed in a glass Petri dish containing a few millilitres of sterile water (to prevent desiccation) 
and were teased apart using flamed mounted needles that had been cooled by dipping in 
sterile water.  A mounted needle was used to transfer single protocorms to 35 mL 
polycarbonate tubes (diameter 25 mm), or 250 mL polycarbonate tissue culture pots (diameter 
68 mm), containing oatmeal medium (Table 4.1) or a supporting substrate with liquid medium 
(Table 4.1). 
 
4.2.2 Growth of seedlings and cabinet conditions 
Growth of seedlings was gauged by measuring leaf length through the side wall of the 
container.  Dropper development could be observed through the clear plastic.  Tubes 
containing individual seedlings were placed in racks of 21 (7 x 3).  Tissue culture pots 
contained 8-10 individual plants.  Seedlings were placed on the bottom shelf of a Conviron - 
S10H or a Clayson - IM1800RGH controlled environment cabinet.  The cabinets were set to 
80% RH with a light and temperature regime as follows: 16 h day at 20°C, dropping to 15°C 
for 4 h, 10°C for 2 h and 15°C for 2 h.  After 2 weeks on the bottom shelf (light levels of 3.9 
µmol m-2 s-1) seedlings were moved to the next shelf up (light levels of 4.5 µmol m-2 s-1).  
After another two weeks seedlings were moved to the highest shelf with light levels of 30.9 
µmol m-2 s-1.  Light levels were measured using a LI-COR photometer, model LI-250 (John 
Morris Scientific Pty Ltd, USA).  Seedlings remained in the growth cabinet until leaves were 
at least 30 mm long.  The lids of containers containing seedlings with leaves longer than 30 
mm were loosened for a period of 2 weeks prior to transfer of seedlings to the nursery. 
 
4.2.3 Transfer of seedlings to nursery conditions 
Deflasking was only attempted from autumn to early spring (April – September), when 
temperatures were cool and relative humidity exceeded 50% RH.  Seedlings and aerated 
substrates (pers. comm. K. Dixon, KPBG) were removed together from the polycarbonate  
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Table 4.1 Media used for growing orchid seedlings or fungi in vitro.  
 
Ingredient Amount (g) 
Oatmeal medium 
(Modified from Warcup 1981) 
 
originally 
Ground oatmeal 2.5 2.5 
Sucrose 10.0 0 
Yeast extract 0.1 0 
Agar 10.0 12.0 
Deionised water Made up to 1000 ml Made up to 1000 ml 
 
 
Oatmeal medium v2 
(Modified from Warcup 1981) 
 
originally 
Ground oatmeal 4.0 2.5 
Yeast extract 0.2 0 
Agar 3.0 12.0 
Tap water Made up to 1000 ml Made up to 1000 ml 
 
Liquid medium 
(Modified from Clements & Ellyard 1979; Fungal Isolating Medium FIM) 
 
originally 
Sodium nitrate  NaNO3 0.5 0.3 
Magnesium sulphate  MgSO4.7H2O 0.1 0.1 
Potassium chloride  KCl 0.1 0.1 
Potassium phosphate KH2PO4 0.2 0.2 
Ground oatmeal 4.0 0 
Sucrose 5.0 5.0 
Yeast extract 0.1 0.1 
Agar 0 10.0-12.0 
Streptomycin sulphate (optional) 0.1 0.05 
Deionised water Made up to 1000 ml Made up to 1000 ml 
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containers (Fig. 4.1), using long forceps, and placed at planting depth (3 cm from the top) into 
Hiko trays of 40 cells, 85 mm deep and 40 mm in diameter (Powerplants Australia Pty Ltd, 
Australia).  Seedlings deflasked from agar substrates were washed in tepid water to remove all 
traces of agar prior to planting.  Trays were filled using a plug of wet Sphagnum moss or 
coconut fibre at the bottom, followed by a soil or sand mix identified in the methods for 
individual experiments and described in Table 4.2.  The same or varying soil mix was used to 
fill in the space around the seedling.  Organic materials were mulched using a petrol-driven 
Caravaggi Bio60 mulcher (Motorcult Australia Pty Ltd) and steam-pasteurised at 65oC for 45 
minutes using a “Master” Steam Generator.  
 
Immediately after potting, trays and pots were watered well and placed inside a fog tent that 
maintained humidity at 80% RH for 2-4 weeks in an unheated polythene tunnel with natural 
lighting.  An ultrasonic fogging unit (Technical: I Gang Fogger, C&M Innovations, Australia) 
generated the fog.  Trays were checked 2-3 times a week and watered on a weekly basis or as 
required depending on temperature.  After 3 weeks, trays were moved to a shadehouse with 
fibreglass roof and 90 cm high mesh benches.  Trays were watered once a week or as 
required, except in very warm weather during April/May when trays were sometimes watered 
three times a week if temperatures remained around 30oC or more.  Measurements of leaf 
length and width were taken as well as survival counts for seedlings in the nursery 
(Experiments 2, 3, 5, 6, 7).  Development of flower buds was also recorded. 
 
4.2.4 Nursery and in situ techniques 
While seedlings were actively growing, pots were maintained with adequate levels of 
moisture, and not permitted to dry out.  Towards the end of the growing season (Nov-Dec), 
watering was cut back to a brief shower once a week rather than a thorough soaking and then 
to a minimal surface watering over summer to prevent pots from completely drying out.  Pots 
remained under cover during the summer and were then thoroughly soaked in a tub of water, 
until no air bubbles were seen, at the end of March.  Trays were watered weekly or as needed 
after this first soaking. 
 
Second-year seedlings were normally removed from Hiko trays when the leaf was visible and 
less than 2 cm long.  Seedlings were either transferred into large (135 or 220 mm diameter) 
community pots or planted into a trial bed within the grounds of the Royal Botanic Gardens, 
Melbourne (Experiment 7).  The soil mix used for community pots was RBG Terrestrial 
Orchid mix (Table 4.2), a soil mix modified from the mix used by the Australasian Native 
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Table 4.2 Media used for growing orchid seedlings in the nursery.  
 
Ingredient Modified mix (RBG) Original ANOS mix 
RBG Terrestrial Orchid Mix 
(modified from Richards et al. 1988) 
  
Sieved cocopeat, copra or peat moss 1 part 0 
“Natures Soil” potting mix 1 part 0 
Rich loam 0 2 parts 
Buzzer wood chips  2 parts 2 parts 
Oak leaf compost (1” sieved) 2 parts 0 
Leaf mould 0 2 parts 
Coarse sand (or Seymour grit) 4 parts 4 parts 
Blood and bone  5 g per 9 L bucket of mix  5 g per 9 L bucket of mix 
Garden lime or “Dolomite” 0 5 g per 9 L bucket of mix 
 
Miscellaneous potting media 
‘Debco’ fine grade composted pine bark (Debco Pty Ltd, Tyabb Vic) 
Deep-mined silica sand (fine grade) (Burdett's Sand, Soil and Stone Supplies, Langwarrin Vic) 
Seymour Grit (coarse grade) (Burdett's Sand, Soil and Stone Supplies, Langwarrin Vic) 
Low phosphorus grey sandy loam (Burdett's Sand, Soil and Stone Supplies, Langwarrin Vic) 
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Orchid Society (Richards et al., 1988). 
 
Specific methods for individual experiments 
Throughout these experiments replicate number was limited because of uneven germination 
and seedling health.  Methods are reported for each experiment in two stages: in vitro and ex 
vitro.  Results are reported commencing with those focused on the in vitro environment, 
followed by results of deflasking and nursery care and concluding with survival of seedlings 
in the ground.  Results of seedling growth and survival in soil may conclude the development 
of seedlings from the in vitro stage or report results relating to separate experiments.  
 
 
4.2.5 Experiment 1. Effect of additives in agar on growth of Arachnorchis robinsonii 
seedlings in vitro. 
Seedlings of A. robinsonii were germinated with the fungal culture CALAROBNR11 
2W5.1PB isolated from an A. robinsonii protocorm.  After 13 weeks, seedlings were 
transferred to individual 35 ml polycarbonate vials containing oatmeal medium V2 (Table 
4.1) with 20 ml/L coconut water (clear fluid from inside a fresh coconut).  After another 8 
weeks (14 October, 2001), 21 weeks from sowing, 42 of the largest seedlings were transferred 
to one of three agar media.  Oatmeal medium V2 was the basis for each medium.  Medium 1 
contained oatmeal medium V2 plus 20 ml/L fresh coconut water, Medium 2 contained 
oatmeal medium V2 and Medium 3 contained oatmeal medium V2 plus 5 g/L sucrose.  All 
media were made up to 1 L with tap water and autoclaved.  If necessary, media were adjusted 
to pH 5 with 10% KOH. 
 
On 14 October (t = 0), plants were transferred to individual 35 ml polycarbonate vials using 
leaf measurement data to obtain 14 plants per treatment with treatment means the same 
statistically (ANOVA, F= 0.01, p=0.993, Appendix C, Table 4.1).  Seedlings were placed in a 
controlled environment cabinet (Section 4.2.2).  The length of the leaf was measured for each 
seedling after 20 days (t = 20 days) and then on a near weekly basis for 5 weeks (t = 27, 35, 
41, and 55 days).  Leaf length was analysed by paired t-test and ANOVA by comparison of 
data from day 0 (t = 0) and day 55 (t = 55) of the experiment to compare media. 
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4.2.6 Experiment 2. Effect of sucrose concentration in agar on growth and survival. 
4.2.6.1 Experiment 2 (part A): Effect of sucrose concentration in agar on growth and 
survival in vitro. 
Several germination tests started between May and July 2000 involving seeds of A. 
tentaculata symbiotic with CALATENTR1 fungus and seeds of Glossodia major symbiotic 
with GLOSMAJOR24 fungus (5 replicates for each orchid species) and grown on oatmeal 
medium with 10 g/L sucrose (Table 4.1), did not permit sufficient time for protocorms to 
develop a tuber prior to the onset of summer dormancy.   
 
Sucrose was chosen as a simple carbohydrate to test seedling growth in vitro.  Sucrose is used 
by plants as a transport carbohydrate and is readily available for amateur and professional 
orchid growers.  Stage 4 protocorms were removed from germination plates in October 2000 
(t = 0) and assigned to 250 mL polycarbonate tissue culture pots.  Arachnorchis tentaculata 
seedlings were assigned to tissue culture pots containing oatmeal medium (Table 4.1) with 10 
g (medium A) or 0 g/L sucrose (medium C) (Table 4.3), whereas G. major seedlings were 
assigned to tissue culture pots containing oatmeal medium with 5 g (medium B) or 0 g/L 
sucrose (medium C) (Table 4.3).  Seedlings of A tentaculata assigned to medium A were 58 
days younger than the seedlings assigned to medium C (Table 4.3).  The seedlings of G. 
major were all 114 days old.  No seedlings were measured when placed into the new media, 
in an effort to maintain sterility.   
 
Seedlings were maintained on the same shelf in a controlled environment cabinet for 6 
months until deflasking in April 2001 (t = 6 months) when they were washed free from agar 
in tepid water and examined.  The dropper length was measured [only categorical data was 
collected for A. tentaculata (medium C)] and the number of deformed (callus-like protocorm 
body +/- normal leaf) or tuberised seedlings was recorded.  Leaf length and width were also 
recorded at this point, except for A. tentaculata (medium C).   
 
4.2.6.2 Experiment 2 (part B): Effect of sucrose in agar medium on growth and survival 
after deflasking. 
Seedlings from Experiment 2 (part A) were potted (t = 0) into fine deep-mined silica sand 
with an organic mix in the top 2 cm and maintained in the nursery.  The organic mix was 1 
part powdered Eucalyptus viminalis bark mixed with 3 parts fine, deep-mined silica sand 
(Table 4.3).  Powdered E. viminalis bark was a fine dusty residue that resulted when dry,  
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Table 4.3 Experiment 2: Seedlings of Arachnorchis tentaculata and Glossodia major 
grown on oatmeal agar with different levels of sucrose. 
 
 
Species of Orchid A. tentaculata A. tentaculata Glossodia major Glossodia major 
Fungal isolate 
(host species) 
CALATENTR1 
(A. tentaculata) 
CALATENTR1 
(A. tentaculata) 
GLOSMAJOR24 
(G. major) 
GLOSMAJOR24 
(G. major) 
Germination date 27 July 2000 30 May 2000 13 June 2000 13 June 2000 
Agar medium A C B C 
Level of sucrose 
(g/L) 
10 0 5 0 
Age at transfer 
(days) 
70 128 114 114 
Number of 
seedlings 
51 85 15 11 
Number of reps 6 7 2 4 
Age at deflasking 
(days) 
251 309 295 295 
Soil mix fine silica sand fine silica sand fine silica sand fine silica sand 
Surface organic 
mix 
1:3  
Eucalypt 
bark:sand 
1:3  
Eucalypt 
bark:sand 
1:3  
Eucalypt 
bark:sand 
1:3  
Eucalypt 
bark:sand 
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fallen bark was mulched using a petrol-driven Caravaggi Bio60 mulcher (Motorcult Australia 
Pty Ltd). 
 
After three months in soil, the number of seedlings with a green leaf was recorded (t=3 
months).  Seedlings were maintained in a shadehouse as in Section 4.2.4 until 29 May 2002 
(t=13 months) when the numbers of live seedlings and rotted tubers were recorded for each 
species.  Seedlings were then repotted into communal pots of RBG terrestrial orchid mix 
(Table 4.2) to become part of the Royal Botanic Gardens terrestrial orchid collection. 
 
 
4.2.7 Experiment 3. Effect of fungal strain in agar on growth and survival. 
4.2.7.1 Experiment 3 (part A): Effect of fungal strain in agar on growth and survival in 
vitro. 
Seeds of A. fulva germinated in June 2000 did not have sufficient time to develop a tuber prior 
to the onset of summer dormancy.  Seedlings were germinated with three strains of fungus 
(CALAFULVR4, CALAFULVR22 and CALAFULVR26) from different plants of A. fulva 
and were assigned at 3-12 plants/pot to 250 mL polycarbonate tissue culture pots containing 
oatmeal medium with 5 g/L sucrose (medium B) (Table 4.4). These seedlings were not 
measured (t = 0) when placed into the new media in an effort to maintain sterility.  Seedlings 
were maintained in random order on the same shelf in a controlled environment cabinet for 6 
months until deflasking in April 2001 when they were washed free from agar in tepid water 
and examined for growth and development (t = 6 months).  The dropper length was measured 
and the number of deformed or tuberised seedlings was recorded.   
 
4.2.7.2 Experiment 3 (part B): Effect of fungal strain and soil mix on survival after 
deflasking. 
Seedlings from Experiment 3 (part A) excluding those inoculated with CALAFULVR4, were 
potted (t = 0) into fine deep-mined silica sand with an organic mix in the top 2 cm in April 
2001.  The organic mix was either 1 part powdered E. viminalis bark mixed with 3 parts fine 
deep-mined silica sand or a 1:1 mix of Debco fine grade composted pine bark (Table 4.2) and 
fine deep-mined silica sand.  Seedlings were maintained in the nursery as in Section 4.2.4, 
with leaf colour recorded prior to dormancy and seedling re-emergence and evidence of rotted 
tubers recorded in May 2002 (t = 13 months). 
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Table 4.4 Experiment 3: Seedlings of Arachnorchis fulva germinated with fungi 
extracted from Arachnorchis fulva plants.  All seedlings were transferred to 
oatmeal agar with 5 g/L sucrose. 
 
 
Species of Orchid A. fulva A. fulva A. fulva 
Fungal isolate  
(host species) 
CALAFULVR4  
(A. fulva) 
CALAFULVR22  
(A. fulva)) 
CALAFULVR26  
(A. fulva) 
Germination date 02 June 2000 13 June 2000 13 June 2000 
Agar medium B B B 
Level of sucrose 
(g/L) 
5 5 5 
Age at transfer 
(days) 
125 114 114 
Number of seedlings 6 34 29 
Number of tissue 
culture pots 
2 3 5 
Age at deflasking 
(days) 
306 295 295 
Soil mix not deflasked fine silica sand fine silica sand 
Surface organic mix n/a 1:3  
Eucalypt powder:sand 
1:1 
Debco:sand 
1:3  
Eucalypt powder:sand 
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4.2.8 Experiments 4, 5 & 6. Effect of aerated substrates on growth and survival. 
To minimise disturbance to the seedling when ready to deflask, it was felt that a system that 
“planted” both orchid and support medium was preferable.  Substrates other than agar were 
tested in combination with a liquid nutrient medium. The support medium had to be 
biodegradable, of a pH that suited both fungus and orchid, that could provide sufficient 
aeration and that would conduct the liquid medium.  A range of substrates was autoclaved in 
deionised water (pH=4.5) (Table 4.5). After autoclaving, 7 of the 16 substrates remained pH 
4.5, 5 caused the solution to become more alkaline and 4 caused the solution to become more 
acidic.  Zeolite was excluded due to low pH and Rockwool® was excluded due to perceived 
slowness to decompose. 
 
Experiment 4 tested growth and survival of G. major seedlings on aerated substrates in vitro.  
Experiment 5 tested growth and survival of A. tentaculata seedlings on aerated substrates with 
different levels of sucrose and included survival data after deflasking into RBG terrestrial 
orchid mix.  Experiment 6 tested survival and growth of seedlings deflasked from different 
substrates and into different soil mixes.  
 
 
4.2.8.1 Experiment 4. Effect of aerated substrates on growth of Glossodia major in 
vitro. 
Glossodia major seedlings grown with 2 levels of sucrose and 7 different substrates 
G. major seedlings germinated on 21 August 2001 with CALAPHAER18 fungal cultures 
from an A. phaeoclavia plant were transferred to individual polycarbonate vials 12 weeks 
from sowing.  The seedlings were placed on modified oatmeal medium V2 (Table 4.1) or one 
of six aerated substrates (Table 4.6) in blocks of 21 randomly chosen plants per treatment. 
The liquid medium was as for oatmeal medium V2, but was modified by having 0.5 g calcium 
(not sodium) nitrate.  After autoclaving, 3-5 ml of the liquid was added to each vial containing 
a aerated substrate and autoclaved once more.  Flamed tweezers that had been cooled in 
sterile water were used to transfer the seedlings as before.  Plants were placed in a controlled 
environment cabinet as described in Section 4.2.2.  Leaf length was recorded at the start (t = 4 
days from transfer) and end of the experiment 20 days later (t = 24).  Survival of seedlings in 
vitro (leaf still green) was recorded at the finish. 
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Table 4.5 Variation in pH of substrates after autoclaving in deionised water of pH 4.5. 
 
 
Substrate pH post-autoclaving 
  
Zeolite® - rinsed 3.0 
Coarse sand 4.0 
Sphagnum moss 4.0 
  
Casuarina needles 4.0-4.5 
  
Deep-mined silica sand 4.5 
Filter paper chair #3 4.5 
Floriolite® 4.5 
Scrunched paper towel 4.5 
Spontex™ cellulose sponge 4.5 
Vermiculite® 4.5 
Yates™ Wool Liner 4.5 
  
Fine scoria 5.0 
Scoria (sieved <5mm) 5.0 
Perlite® 5.0 
Rice hulls 5.0 
  
Rockwool® 5.5 
 
 
 
 
 
Table 4.6 Experiment 4. Treatment comparisons for Glossodia major seedlings. 
 
 
Substrate Sucrose concentration Number of seedlings 
Oatmeal medium V2 0 g/L 21 
Casuarina needles 5 g/L 21 
Cellulose sponge 5 g/L 21 
Raw cotton 5 g/L 21 
Rice hulls 5 g/L 21 
Scoria (<5 mm) 5 g/L 21 
Vermiculite 5 g/L 21 
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4.2.8.2 Experiment 5 (part A). Effect of aerated substrates on growth of Arachnorchis 
tentaculata in vitro. 
A. tentaculata grown with 3 levels of sucrose and 4 different substrates 
Substrates for the A. tentaculata experiment (cellulose sponge, raw cotton, raw wool and 
Yates™ wool liner) were prepared by soaking in tap water for 48 h prior to cutting into 1 cm 
cubes, packing into a 1 L glass beaker half-filled with tap water and autoclaving.  The raw 
wool (black fleece) was washed in hot soapy water prior to use to remove lanolin and then 
rinsed thoroughly prior to following the above method of soaking and autoclaving.  Enough 
substrate was placed into each vial to create a 1 cm platform (e.g. 1 piece of sponge or several 
pieces of Yates™ wool liner). 
 
Three liquid media consisting of Liquid medium (Table 4.1), but with CaNO3 instead of 
NaNO3, and with only 2.5 g/L ground oatmeal and with sucrose levels of 0, 2.5 or 5 g/L were 
prepared and autoclaved once, prior to adding approximately 3 mL to each polycarbonate vial 
(Table 4.7).  Vials were autoclaved and cooled at room temperature ready for seedling 
transfers.  Arachnorchis tentaculata seedlings germinated on 1 December, 1999 with 
CALATENTR1 fungal cultures were transferred to individual polycarbonate vials 9 weeks 
from sowing, with blocks of 21 randomly chosen plants per treatment.  Flamed tweezers that 
had been cooled in sterile water were used to transfer the seedlings by grasping the leaf.  
Plants were placed in a controlled environment cabinet as described in Section 4.2.2.   
 
Leaf lengths in those substrates and sucrose levels were compared (Table 4.7).  Measurements 
commenced 6 weeks after transfer (t = 42 days), with leaf length recorded weekly for 7 weeks 
(t=86 days) [or for 2 weeks if seedlings were large enough to deflask after that time (t=57 
days)].  Survival of seedlings (leaf still green) was recorded at t=57 or t=86 days depending 
on the experiment.   
 
4.2.8.3 Experiment 5 (part B): Effect of aerated substrates on growth and survival of 
Arachnorchis tentaculata after deflasking. 
Seedlings were deflasked as in Section 4.2.4 when leaves reached about 30 mm.  Re-
emergence of seedlings after the summer dormancy period was scored as the number of live 
seedlings.  This was determined by removing the contents from the Hiko trays and searching 
for live or rotted tubers.  Live seedlings were potted into communal pots of RBG terrestrial 
orchid mix at about 5 seedlings per pot. 
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Table 4.7 Experiment 5A. Treatment comparisons for Arachnorchis tentaculata 
seedlings. 
 
 
Treatment Constant factor Number of seedlings 
Cellulose sponge 5 g/L sucrose 42 
Raw cotton 5 g/L sucrose 42 
Raw wool 5 g/L sucrose 21 
Yates® wool liner 5 g/L sucrose 42 
   
0 g/L sucrose Cellulose sponge 42 
2.5 g/L sucrose Cellulose sponge 76 
5 g/L sucrose Cellulose sponge 42 
   
2.5 g/L sucrose Raw cotton 21 
5 g/L sucrose Raw cotton 42 
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Experiments 4 and 5 were analysed as in Section 4.2.13.  Outliers (only those failing to grow) 
were removed in treatments where the average population increased in leaf length.  No 
individual with a green leaf was removed from treatments that displayed little or no leaf 
growth.  Contaminated and chlorotic (yellow or white leaf) seedlings were removed from the 
leaf length data set.  Chlorotic plants were counted as dead in the survival analysis. 
 
4.2.8.4 Experiment 6. Effect of aerated substrates and potting mixes on survival and 
development of Arachnorchis spp. and other orchids ex vitro. 
Experiment 6 tested growth and survival after deflasking of a range of species based on 
nursery methods (Section 4.2.4).  All species were germinated using fungi isolated from adult 
orchids of the same species as the seed.   
 
Exp. 6A. Effect of prior substrate on leaf growth and re-emergence in Arachnorchis seedlings 
deflasked into RBG terrestrial orchid mix 
The effect of using cellulose sponge instead of agar was tested.  Briefly, Stage 4 symbiotic 
protocorms were removed from germination plates as in Section 4.2.1 at 80-100 days from 
sowing (Table 4.8).  Seedlings of A. amoena, A. fulva, A. hastata, A. tentaculata and A. 
venusta (Table 4.8) were transferred to cellulose sponge with fresh liquid medium (Table 4.1) 
for on-growing in vitro as in Section 4.2.2.  At 125-162 days (Table 4.8), seedlings were 
deflasked into RBG terrestrial orchid mix. 
 
Seedlings of A. tentaculata and A. venusta germinated prior to May 10, 2000 had been 
transferred to cellulose sponge at 99-116 days and were in the bottom of a growth cabinet 
when the temperature control failed and temperatures exceeded 40oC.  At about 169-184 days 
from sowing, seedlings were removed from the growth cabinet as in Section 4.2.3 and 
transferred to the nursery as in Section 4.2.4 (Table 4.8).  Although seedlings from higher 
shelves were deflasked at the same time, minimal survival was recorded for these and they are 
not included here.  All seedlings were potted into RBG terrestrial orchid mix (Table 4.2).   
 
For comparison with cellulose sponge results, Stage 4 protocorms of A. tentaculata 
(symbiotic with fungus CALATENTR1) and A. venusta (symbiotic with fungus 
CALAVENUR8) were removed from germination plates at 118 and 185 days respectively 
from sowing and placed directly onto the soil surface in Hiko trays.  A minimal covering of 
RBG terrestrial orchid mix was added.  Filter paper was often still attached to the protocorms 
and usually clusters of two or more protocorms were placed into each cell of the Hiko tray.  
Ta
bl
e 
4.
8 
Ex
pe
rim
en
t 6
A
: 
D
et
ai
ls 
o
f m
isc
el
la
n
eo
u
s 
se
ed
lin
gs
 
o
f A
ra
ch
no
rc
hi
s.
 
 
R
B
G
 
=
 
R
BG
 
te
rr
es
tr
ia
l o
rc
hi
d 
m
ix
.
 
 
Sp
ec
ie
s 
o
f O
rc
hi
d 
A.
 
a
m
o
e
n
a
 
A.
 
fu
lv
a
 
A.
 
fu
lv
a
 
A.
 
fu
lv
a
 
A.
 
ha
st
a
ta
 
A.
 
te
n
ta
cu
la
ta
 
A.
 
ve
n
u
st
a
 
A.
 
te
n
ta
cu
la
ta
 
A.
 
ve
n
u
st
a
 
Fu
n
ga
l i
so
la
te
 
 
(h
o
s
t s
pe
ci
es
) 
CA
LA
AM
O
ER
3
6 
 
(A
.
 
a
m
o
e
n
a
) 
CA
LA
FU
LV
R
26
 
 
(A
.
 
fu
lv
a
) 
CA
LA
FU
LV
R
27
 
 
(A
.
 
fu
lv
a
) 
CA
LA
FU
LV
R
28
 
 
(A
.
 
fu
lv
a
) 
CA
LA
H
AS
TR
37
 
(A
.
 
ha
st
a
ta
) 
CA
LA
TE
N
TR
1  
(A
.
 
te
n
ta
cu
la
ta
) 
CA
LA
VE
N
UR
8  
(A
.
 
ve
n
u
st
a
) 
CA
LA
TE
N
TR
1  
(A
.
 
te
n
ta
cu
la
ta
) 
CA
LA
VE
N
UR
9  
(A
.
 
ve
n
u
st
a
) 
G
er
m
in
at
io
n
 
da
te
 
09
 
Ja
n
 
20
01
 
11
 
Ja
n
 
20
01
 
11
 
Ja
n
 
20
01
 
11
 
Ja
n
 
20
01
 
09
 
Ja
n
 
20
01
 
04
 
Ja
n
 
20
00
 
19
 
Ja
n
 
20
00
 
16
 
Ja
n
 
20
01
 
16
 
Ja
n
 
20
01
 
D
a
te
 
o
f t
ra
n
s
fe
r 
11
 
M
a
y 
20
01
 
11
 
M
a
y 
20
01
 
11
 
M
a
y 
20
01
 
11
 
M
a
y 
20
01
 
30
 
M
a
rc
h 
20
01
 
28
 
Ap
ril
 
20
00
 
27
 
Ap
ril
 
20
00
 
-
 
-
 
In
 
v
itr
o
 
m
ed
iu
m
 
ce
llu
lo
se
 
sp
o
n
ge
 
ce
llu
lo
se
 
sp
o
n
ge
 
ce
llu
lo
se
 
sp
o
n
ge
 
ce
llu
lo
se
 
sp
o
n
ge
 
ce
llu
lo
se
 
sp
o
n
ge
 
ce
llu
lo
se
 
sp
o
n
ge
 
ce
llu
lo
se
 
sp
o
n
ge
 
ge
rm
 
pl
a
te
 
tra
n
sf
e
r 
ge
rm
 
pl
a
te
 
tra
n
sf
e
r 
Le
v
e
l o
f s
u
c
ro
s
e 
5 
g/
L 
5 
g/
L 
5 
g/
L 
5 
g/
L 
5 
g/
L 
5 
g/
L 
5 
g/
L 
10
 
g/
L 
10
 
g/
L 
Ag
e 
at
 
tr
an
s
fe
r 
(d
a
ys
) 
10
8 
11
0 
11
0 
11
0 
80
 
11
6 
99
 
-
 
-
 
N
u
m
be
r 
o
f 
se
ed
lin
gs
 
40
 
6 
27
 
7 
30
 
25
 
12
 
80
 
77
 
Le
af
 
co
n
di
tio
n
 
gl
o
ss
y 
/ t
u
rg
id
 
gl
o
ss
y 
/ t
u
rg
id
 
gl
o
ss
y 
/ t
u
rg
id
 
gl
o
ss
y 
/ t
u
rg
id
 
gl
o
ss
y 
/ t
u
rg
id
 
gl
o
ss
y 
/ t
u
rg
id
 
gl
o
ss
y 
/ t
u
rg
id
 
gl
o
ss
y 
/ t
u
rg
id
 
gl
o
ss
y 
/ t
u
rg
id
 
Le
af
 
co
lo
r 
m
e
di
u
m
-
da
rk
 
gr
e
e
n
 
da
rk
 
gr
e
e
n
 
da
rk
 
gr
e
e
n
 
da
rk
 
gr
e
e
n
 
da
rk
 
gr
e
e
n
 
da
rk
 
gr
e
e
n
 
da
rk
 
gr
e
e
n
 
pa
le
-
m
e
di
u
m
 
gr
e
e
n
 
pa
le
-
m
e
di
u
m
 
gr
e
e
n
 
D
a
te
 
o
f d
e
fla
sk
in
g 
2 
Ju
ly 
20
01
 
2 
Ju
ly 
20
01
 
2 
Ju
ly 
20
01
 
2 
Ju
ly 
20
01
 
14
 
M
a
y 
20
01
 
7 
Ju
ly 
20
00
 
7 
Ju
ly 
20
00
 
14
 
M
a
y 
20
01
 
20
 
Ju
ly 
20
01
 
Ag
e 
at
 
de
fla
sk
in
g 
(d
a
ys
) 
16
0 
16
2 
16
2 
16
2 
12
5 
18
4 
 
‘c
o
ok
e
d’
 
16
9 
‘c
o
ok
e
d’
 
11
8 
18
5 
So
il 
m
ix
 
R
BG
 
R
BG
 
R
BG
 
R
BG
 
R
BG
 
R
BG
 
R
BG
 
R
BG
 
R
BG
 
Su
rfa
c
e 
o
rg
an
ic
 
m
ix
 
R
BG
 
R
BG
 
R
BG
 
R
BG
 
R
BG
 
R
BG
 
R
BG
 
R
BG
 
R
BG
 
 ‘c
o
o
ke
d’
 
=
 
o
ve
rh
e
a
te
d 
in
 
gr
o
w
th
 
ca
bi
n
e
t 
265 
 266 
To minimise disturbance, protocorms were not separated, nor was the filter paper removed, as 
attempts to do so damaged the seedlings beyond recovery.   
 
After at least 3 months (90 days) from deflasking, counts were made of the seedlings with a 
green leaf (except A.amoena, which was scored 45 days after deflasking).  Re-emergence of 
seedlings after the summer dormancy period was scored in August 2001 or May 2002 as the 
number of live seedlings per Hiko cell.  There might have been more than one seedling per 
cell, particularly for seedlings deflasked directly from germination plates, but a cell 
containing more than one re-emerged seedling was counted as one live plant.  For seedlings 
deflasked in 2001, removing the seedlings from the Hiko trays and searching for live or rotted 
tubers constituted the search for live seedlings.  Live seedlings were potted into communal 
pots of RBG terrestrial orchid mix of about 5 seedlings per pot and were not followed 
thereafter.  Plants germinated in 2000 were not checked for rotted tubers after dormancy.  
Seedlings of A. hastata were removed to Portland for re-introduction to natural sites, and so 
re-emergence data after dormancy was not available. 
 
Exp. 6B. Effect of potting mix on re-emergence in Arachnorchis tentaculata seedlings 
deflasked into various potting mixes 
To compare alternative potting mixes, A tentaculata seedlings from cellulose sponge were 
deflasked into various potting mixes (Table 4.9).  Stage 4 protocorms of A. tentaculata 
symbiotic with fungus CALATENTR1 were removed from germination plates as in Section 
4.2.1 at 60 days from sowing.  Seedlings were transferred to cellulose sponge with fresh 
liquid medium (Table 4.1) for on-growing in vitro as in Section 4.2.2.  At 118 days from 
sowing, 270 seedling were deflasked into potting mixtures of deep-mined silica sand and/or 
Debco mix (fine composted pine bark) (Table 4.9), with or without a mulch that differed from 
the potting mix. 
 
Seedlings were not scored for a green leaf as in Exp. 6A, but re-emerged live seedlings were 
recorded in August 2001.  The search for rotted tubers was the same as for Exp. 6A. 
 
Exp. 6C. Potential of scoria and rice hulls combination substrate 
A scoria and rice hulls mixture was used late in the study as an alternative to cellulose sponge.  
A 5:1 mixture of fine grade scoria screenings <5 mm (Boral Quarries, Mount Napier 
Hamilton) and rice hulls was moistened with tap water and drained.  About 80 mL of the 
mixture was added to 250 mL tissue culture pots (1/3 filled).  To these pots was added enough  
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pre-autoclaved liquid medium (Table 4.1) to fill 2-3 cm of each tissue culture pot.  Pots were 
then autoclaved and cooled to room temperature.  Five or more Stage 4 protocorms with a leaf 
of at least 10 mm were transferred to each pot as in Section 4.2.1 and placed in a growth 
cabinet as in Section 4.2.2.  Protocorms were partially buried in the scoria and rice hulls 
mixture to ensure good contact between the substrate and the protocorm.  For this reason, 
leaves of protocorms had to be longer than those of protocorms placed on cellulose sponge. 
 
The species grown in the scoria and rice hulls mixture were Pterostylis basaltica symbiotic 
with fungus PTERBASAR44 (seed and collar collected by A. Pritchard, DSE), A. 
phaeoclavia symbiotic with fungus CALAPHAER18 and A. robinsonii symbiotic with fungus 
CALAROBNR11.  Seedlings were not assessed rigorously, but appearance of leaves (green or 
chlorotic) and dropper development was noted and seedlings photographed. 
 
 
4.2.9 Experiment 7. Effect of transplantation to garden bed on survival and re-
emergence. 
A free-draining acidic, “low phosphorus”, grey, sandy loam was ordered (12 m3) (Burdett's 
Sand, Soil and Stone Supplies, Langwarrin Vic) and was delivered to the grounds of the 
Royal Botanic Gardens, Melbourne, where it was shaped into a garden bed for experimental 
purposes.  A selection of 40 of the largest second-year seedlings of A. tentaculata (Table 
4.10) was chosen for planting in the garden bed on 27 July 2001.  All seedlings were 
symbiotic with CALATENTR1 fungi, with 23 seedlings from RBG terrestrial orchid mix and 
17 seedlings from a soil mix composed of 50% fine deep-mined silica sand (Burdett's Sand, 
Soil and Stone Supplies, Langwarrin Vic) and 50% fine composted pine bark (Debco Pty Ltd, 
Tyabb Vic) (Table 4.2).  All seedlings were watered and then removed from Hiko® trays, 
while keeping as much soil mix around the seedling as possible.  A dibber was used to make a 
planting hole into which the seedling, with soil plug, was planted.  All seedlings were watered 
after planting.  There was no watering, additional to natural rainfall, for the rest of the 
experiment. 
 
Leaves were measured for length and width one week before planting, 3 months later (on 8 
October 2001) and 13 months after planting (on 29 August 2002).  Plants were scored for 
emergence after the summer dormancy period, 13 months after planting.  Flowering plants 
were noted.  Snail bait (Hortico®) was laid until orchids went dormant, every 2nd month or 
when mucus trails were observed. 
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Table 4.10 Origin of Arachnorchis tentaculata seedlings symbiotic with CALATENTR1 
used for planting in the garden bed on 27 July 2001.  RBG = RBG terrestrial 
orchid mix. 
 
 
 
Exp. code Deflask date 
(dd.mm.yy) 
Time in pots prior 
to planting (days) 
Soil mix Number of plants 
DF1A 06.07.00 386 RBG   1 
DF1C 06.07.00 386 RBG   2 
DF2A 06.07.00 386 RBG   3 
DF2B 06.07.00 386 RBG   2 
DF2C 06.07.00 386 RBG   4 
DF2D 06.07.00 386 RBG   5 
DF2E 06.07.00 386 RBG   6 
DF4C 01.08.00 360 sand/Debco 2 
DF6A 21.09.00 309 sand/Debco 2 
DF6B 21.09.00 309 sand/Debco 3 
DF6C 21.09.00 309 sand/Debco 2 
DF6D 21.09.00 309 sand/Debco 3 
DF7A 22.09.00 308 sand/Debco 3 
DF7B 22.09.00 308 sand/Debco 2 
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The soil was tested (Incitec Pivot Laboratories, Werribee) 12 months after delivery, after a 
dense crop of nettles had germinated. 
 
 
4.2.10 Statistical analysis 
Data were tested for normality using Minitab v.13 (Minitab Inc., www.minitab.com).  Where 
data were not normally distributed, they were transformed as necessary to achieve normality, 
using functions such as log10, square root, arcsine etc.  Entire datasets using all possible 
replicates were analysed using paired T-tests, two-sample T-tests or one-way ANOVA, as 
appropriate.  Frequency data were analysed using Chi2 test or Fisher’s exact test using 
GenStat v.7 (VSN International Ltd, 2003) when expected frequencies were less than five.  
For growth experiments, the difference in growth between treatments over time was analysed 
by one-way ANOVA.  Individual experiments that could be analysed by two-way ANOVA, 
but containing different numbers of replicates per treatment, had the number of replicates 
reduced randomly to the lowest number.  Where data could not be normalised, non-parametric 
tests were used, e.g. Kruskal-Wallis, Mood’s median test.  Tabulated statistics are shown in 
Appendix C. 
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4.3 RESULTS 
 
General description 
 
4.3.1 Development of seedlings in the first season 
After the protocorm body reached 5 mm in length, the growth of the protocorm body slowed 
and the leaf elongated and expanded instead.  The emergence of a root initial was slower (10-
20 weeks) and at this point the protocorms had reached Stage 5 (Fig. 4.2).  Figure 4.2B shows 
a longitudinal section through the protocorm and leaf of a seedling beginning to initiate the 
dropper structure.  Leaf and dropper meristems occurred at the same end of the protocorm 
body and remained free from fungal pelotons.  Seedlings at this level of development 
occurred on Petri dishes where the fungus was close to exhausting the supply of carbohydrate, 
or only after seedlings were removed from Petri dishes to other substrates.   
 
During the first season, usually after deflasking (removal from a closed container), 
Arachnorchis seedlings developed an extended dropper structure with rhizoids (Fig. 4.3A).  
The degree of rhizoid development appeared to be species-specific.  Observations of seedlings 
growing in agar showed that A. venusta and Glossodia major (Fig. 4.3B) possessed droppers 
densely covered in rhizoids.  Droppers of A. fulva, A. phaeoclavia and A. tentaculata were 
only lightly covered in rhizoids.  A final stage was the development of an elongated dropper 
structure and tuberoid (Fig. 4.4 A and B), referred to as a Stage 6 protocorm by Clements et 
al. (1986), but by this stage, a better description was that of a seedling rather than a 
protocorm.  This stage was reached after sufficient time had elapsed (9 months or longer) and 
took place in both agar and soil substrates.  Seedlings of A. fulva grown in oatmeal medium, 
developed long droppers prior to the formation of a tuberoid (Fig. 4.4 C).  Seedlings showing 
a well-developed tuber (Fig. 4.4 D), possessed a dropper structure showing signs of collapse.  
Tubers reached 5 mm in diameter for some plants prior to the dropper drying out and 
collapsing. 
 
After deflasking, some leaf growth was observed.  This was generally only true for seedlings 
that had been growing actively at the time of deflasking.  Seedlings grown in agar and 
deflasked after 6-12 months generally possessed long leaves that showed chlorosis (Fig. 
4.4C).   
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Figure 4.2 Stage 5 protocorm (seedling) showing development of the root initial of 
Arachnorchis tentaculata.  PB = protocorm body. 
A) Detail of seedling structure.  Scale bar = 1 cm   
B) Longitudinal section of the protocorm body showing the vascular system in 
relation to the leaf and dropper structure.  Scale bar = 1 cm. 
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Figure 4.3 Dropper development.  
A) First year seedlings of Arachnorchis tentaculata, 16-week-old seedling 
growing on cellulose sponge.  Scale bar = 1 cm.   
B) Seedling of Glossodia major grown in oatmeal medium lacking sucrose for 
26 weeks.  Note extensive root hair development.  Scale bar = 2 cm. 
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Figure 4.4 Development of the tuber in Arachnorchis fulva grown in oatmeal medium.  
All scale bars = 2 cm. 
A) The beginning of a tuberoid (T) is initiated at the growing tip 
B) Expansion of the tuberoid 
C) Three stages of tuber development with a semi-mature tuber pictured in the 
middle.  Note leaf chlorosis. 
D) A semi-mature tuber with the arrow denoting the collapsed dropper 
structure. 
Scale bars = 2 cm 
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4.3.2 Development of seedlings in the second season 
Most seedlings produced a single tuber during the first year of growth, but some seedlings 
formed two tubers.  No true roots were produced during the first year.  In autumn of the 
second year, after a dormant period during summer, tubers shot and the new shoot grew up 
through the old dropper, now referred to as the sheath (Fig. 4.5 A). By July, most seedlings 
had produced a well-developed leaf and a few fragile roots were formed from just above the 
tuber (Fig. 4.5 B).  In general, these roots were less than 1 cm long.  The roots were covered 
in an extensive network of root hairs.  Some well-grown seedlings had initiated a second year 
dropper structure that was significantly thicker than the roots that were initiated earlier (Fig. 
4.5 B).  By the end of August many well-developed seedlings had initiated a replacement 
tuber at the end of a short second-year dropper (Fig. 4.5 C).   
 
At the same time of year, mature plants of A. tentaculata growing in the wild were more 
advanced, with a replacement tuber of considerable size (Fig. 4.6).  The replacement tuber 
was initiated very close to the tuber of the previous season.  The remains of old tubers and 
roots were easily seen in some plants, and gave an indication of approximate age.  Some 
plants possessed the remains of more than 10 old tubers indicating that plants in the wild can 
live for 10 years or more. 
 
By the end of the second growing season (July 2001) a few, well-grown plants of  
A. tentaculata in the nursery were observed to have developed a flower bud.  These plants 
were germinated in the laboratory on 1 December, 1999.  Figure 4.7 shows that leaf length 
and width of seedlings that were going to flower were well within the range of leaf length and 
width of flowering and vegetative wild plants of A. tentaculata. 
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Figure 4.5 Arachnorchis tentaculata during the second year of growth. 
A) Seedling of Arachnorchis tentaculata just prior (April) to re-emergence after 
summer dormancy.  The seedling was growing in deep-mined silica sand.  Scale 
bar = 1 cm. 
B) Seedling of Arachnorchis tentaculata during July showing first-year tuber, second-
year roots and recently initiated dropper structure.  Scale bar = 1 cm. 
C) Tuber and extended dropper of a second-year seedling of Arachnorchis tentaculata 
during August.  Replacement tuber was beginning to expand.  Scale bar = 0.5 cm. 
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Figure 4.6 Adult plant of Arachnorchis tentaculata dug from the wild at Inverleigh 
Common in July 2001 (10 + years old).
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Figure 4.7 Leaf sizes of Arachnorchis tentaculata plants of Inverleigh Common origin.  
Data are shown for 110 “wild” plants of unknown ages and 97 laboratory-
raised plants in their second year.  Leaves were measured in July 2001 from 
flowering and vegetative individuals. Arrows indicate laboratory-raised plants 
with a flower bud. 
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4.3.3 Further growth of seedlings in subsequent years. 
Seedlings that survived to produce a tuber in the first year did not always re-emerge the 
following autumn.  There was evidence of plants forming tubers that rotted prior to re-
emergence.  Some seedlings of A. tentaculata, A. venusta and A. amoena, raised from seed, 
flowered in the shadehouse (Fig. 4.8, 4.9).  Some robust plants flowered in their second year 
from seed, but most flowered for the first time in the third year from seed.  These plants grew 
in RBG mix and were deflasked from a range of substrates. 
 
Observations of the few seedlings grown as part of a potted collection (2000-2005) suggested 
that A. venusta plants were quite well suited to cultivation, reappearing every year and 
flowering regularly.  This species tended to produce tubers that were covered in a thick 
fibrous sheath, moreso than any other species examined.  Tubers surrounded by RBG 
terrestrial orchid mix or encased in deep-mined silica sand seemed to survive just as well.  
Plants tended to re-emerge in clumps (Fig. 4.10A and B) possibly the result of seedling 
recruitment.  Arachnorchis tentaculata seedlings failed to reappear after the first one or two 
seasons, whereas A. fulva and A. phaeoclavia seemed erratic, reappearing in 2005 after not 
appearing for one or more seasons.  Of 10 seedlings potted up in 2001, 9 seedlings of A. fulva 
re-emerged during June 2005 (Fig. 4.10C), increasing to 12 plants during July.   
 
Several tubers of A. tentaculata were discovered to have rotted when pots of RBG terrestrial 
orchid mix were examined after the first year of seedlings growing in community pots.  A few 
surviving tubers were found on the soil surface, probably the result of daughter tuber 
production from elongation of part of the protocorm structure (Fig. 4.10 D).  This elongation 
was only observed in A. tentaculata seedlings.   
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Figure 4.8 Robust second-year seedlings of Arachnorchis venusta growing in a 
community pot mulched with the dead leaves of Allocasuarina verticillata 
(Drooping Sheoke).  Potting mix was RBG terrestrial orchid mix.  One plant in 
bud (arrow).  
  
 281 
 
 
 
 
 
 
 
Figure 4.9 Second-year seedling of Arachnorchis amoena in flower.  Pot mulched with 
the dead leaves of Allocasuarina verticillata (Drooping Sheoke).  Potting mix 
was RBG terrestrial orchid mix.  Scale bar equals 1 cm. 
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Figure 4.10 Seedlings of Arachnorchis in June 2005 (A-C) and at deflasking (D).  Plants in 
A-C were germinated in 2000 and potted up into soil in 2001.  Pots were 
mulched with the dead leaves of Allocasuarina verticillata (Drooping Sheoke).  
Potting mix was RBG terrestrial orchid mix.  Scale bars equal 1 cm. 
 
A) and B) Plants of Arachnorchis venusta 
C) Plants of Arachnorchis fulva. 
D) Seedling of A. tentaculata after deflasking from agar without 
sucrose.  Note elongation of protocorm body (e) in addition to 
the normal dropper structure (d). 
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C. D. 
d 
e 
leaf 
 283 
Growth and survival of seedlings in vitro 
 
4.3.4 Experiment 1. Effect of additives in agar on growth of Arachnorchis robinsonii 
seedlings in vitro 
At t = 0, leaf length of A. robinsonii seedlings growing in oatmeal V2 agar with different 
additives averaged 15.9 mm.  After 55 days, leaf length of seedlings had increased 
significantly for every treatment (Paired T-tests, p<0.001; Appendix C, Table 4.2.1-4.2.3) 
(Figure 4.11).  However, leaf length did not differ among media (Fig. 4.11) (ANOVA, F= 
3.16, p= 0.055; Appendix C, Table 4.2.4).  
 
Over the 55 days, increases in leaf length differed among media (ANOVA, F= 5.17, p= 0.011; 
Appendix C, Table 4.2.5).  Adding fresh coconut water produced a greater increase in leaf 
length than adding sucrose.  The control medium without additives was intermediate, not 
being significantly different from the other two media.  Over the first 20 days, there was no 
difference (ANOVA, F= 1.39, p= 0.263; Appendix C, Table 4.2.6) in the increase in leaf 
length among media, but over the final 14 days there was a significant difference (ANOVA, 
F= 9.06, p= 0.001; Appendix C, Table 4.2.7).  The control medium without additives and the 
medium with added coconut water did not differ from each other, but adding sucrose caused 
the least increase in leaf length.  Increase in leaf length was significantly less for the final 14 
days, half that of the first 20 days, when sucrose was added to the medium (Paired T-test, T= 
2.65, p= 0.021; Appendix C, Table 4.2.8).  Increase in leaf length was no different for the 
control and coconut water media over these periods (Paired T-test, p>0.05; Appendix C, 
Tables 4.2.9 and 4.2.10).  
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Figure 4.11 Experiment 1. Growth of Arachnorchis robinsonii seedlings in oatmeal 
medium V2 with different additives.  Seedlings were 19.7 weeks old when 
transferred to media.  Error bars = standard error. 
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4.3.5 Experiment 2. (part A). Effect of sucrose concentration in agar on growth and 
survival in vitro. 
There was a significant difference in the number of seedlings in different categories of 
dropper development with different concentrations of sucrose (Chi2 tests; Chi2=11.172, p = 
0.011; Appendix C, Table 4.3.1).  There were more seedlings of A. tentaculata with droppers 
in the 10-30 mm category and fewer seedlings with droppers too small to measure (<1 mm) 
for the 10 g/L sucrose treatment than for the 0 g/L treatment (Fig. 4.12)(Table 4.11) (Chi2 
tests; Chi2= 4.71 and 8.53, p < 0.05; Appendix C, Tables 4.3.2 A and B).  There was no 
difference between sucrose treatments for all other categories of development (Chi2 test; p > 
0.05; Appendix C, Tables 4.3.2 C and D).  Seedlings with deformed droppers were obtained 
from both media as were seedlings with tubers.  Leaf colour of seedlings from both media was 
more yellow than green, but the proportion of yellow appeared greater for seedlings grown 
with sucrose. 
 
By contrast, the colour of the leaves of G. major seedlings grown without sucrose were a rich 
dark green colour (Munsell, 2.5G 4.6), whereas the leaves of seedlings grown with sucrose 
were a yellowish-green by comparison (Fig. 4.13B).  Also, leaf length and width 
measurements of seedlings of G. major growing in agar without sucrose were significantly 
greater than for seedlings growing in agar medium with 5 g/L sucrose (Fig. 4.14, Table 4.10) 
(ANOVA, F=54.22, p<0.001; Mood’s median test, Chi2=7.1, p=0.008; Appendix C, Tables 
4.3.3 and 4.3.4).  However, there was no difference between the media in overall dropper 
length (ANOVA, F=2.66, p=0.117; Appendix C, Table 4.3.5) or distribution of seedlings per 
category (Fisher’s Exact Test, Chi2 test, p>0.05; Appendix C, Tables 4.3.6 A and B).  One 
seedling from each treatment developed a tuber prior to deflasking. 
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Figure 4.12 Experiment 2. Distribution of the stages of development reached by 
Arachnorchis tentaculata seedlings symbiotic with CALATENTR1 fungus at t 
= 0.  Columns are marked with “a” and “b” where the numbers of seedlings per 
category differed significantly between sucrose treatments. 
Medium C, 0 g/L sucrose 
Medium A, 10 g/L sucrose 
Re
la
tiv
e 
fre
qu
en
cy
 
(%
) 
Developmental category 
0
10
20
30
40
50
60
de
for
m
ed
too
 
sm
all 
to 
m
ea
su
re
dro
pp
er
 
<1
0 m
m
dro
pp
er
 
>1
0 m
m
< 
30
 
m
m
dro
pp
er
 
>3
0 m
m
tub
er
a 
b b 
a 
 287 
Table 4.11 Experiment 2: Growth and survival data for seedlings deflasked from oatmeal 
agar containing different sucrose concentrations.  Statistical significance across 
columns is indicated by “a” and “b”. 
 
 
 Species 
 Arachnorchis tentaculata  Glossodia major 
Medium A C B C 
Sucrose concentration 10 0 5 0 
Time in agar (days) 181 181 181 181 
Age at deflasking (days) 251 309 295 295 
 
    
Measurements at t=0 (deflasking) 
    
Average dropper length (mm)  17.5 ± 1.5 - 33.9 ± 3.6a 26.6 ± 2.1a 
Leaf length (mm) 42.0 ± 2.0 - 14.9 ± 2.3b 39.5 ± 2.3b 
Leaf width (mm) 2.0 ± 0.1 - 2.3 ± 0.3b 3.6 ± 0.3b 
Dropper development 
    
deformed 5 10 0 0 
too small to measure 4a 47b 0 0 
< 10 mm 7 34 0 0 
> 10 mm< 30 mm 20 43 4 7 
> 30 mm 0 14 10 3 
tuber 1 9 1 1 
     
Total seedlings surviving in vitro 37 157 15 11 
Total seedlings deflasked into soil 33 85 15 11 
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Figure 4.13 Experiment 2: Orchid seedlings grown in agar medium.   
 
A) Pot of Glossodia major seedlings in agar medium C (no sucrose), 5 
months after transfer.  Diameter of the pot was 68 mm. 
B) Pots of Glossodia major seedlings in agar medium C (no sucrose) on the 
left and agar medium B on the right (5 g/L sucrose), 5 months after 
transfer. Diameter of the pot was 68 mm. 
C) Arachnorchis tentaculata seedlings in agar medium A (10 g/L sucrose) 
showing extensive development of droppers and tubers.  Base of tub was 
90 mm. 
D) Seedlings of Glossodia major removed from agar medium C showing 
robust development of leaves and rhizoids.  Scale bar equals 2 cm. 
A B. 
C. D. 
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Figure 4.14  Experiment 2: Leaf data from Glossodia major seedlings growing in agar with 
no sucrose  and 5 g/L sucrose . 
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4.3.6 Experiment 3. (part A) Effect of fungal strain on growth and survival in vitro. 
There were some differences in growth parameters for seedlings of A. fulva grown in Medium 
B, but symbiotic with different fungi (Table 4.12).  Seedlings symbiotic with fungus 
CALAFULVR4 recorded a greater average leaf length (ANOVA, F=8.01, p=0.001; Appendix 
C, Table 4.4.1) and width (Kruskal-Wallis test, H=6.78, p=0.034; Appendix C, Table 4.4.2) 
than seedlings symbiotic with CALAFULVR22 or CALAFULVR26 (Table 4.12).  The latter 
two symbioses did not differ from each other in leaf length and width.  Leaf colour was 
yellowish-green and similar for all A. fulva seedlings.  Average dropper length did not differ 
(Mood’s median test, Chi2=0.16, p=0.692; Appendix C, Table 4.4.3) between seedlings 
symbiotic with CALAFULVR22 or CALAFULVR26 (no measurements recorded for 
CALAFULVR4 seedlings).   
 
The proportion of seedlings reaching different developmental stages was very similar (Fig. 
4.15), but seedlings symbiotic with CALAFULVR4 were excluded from statistical analyses 
because of the low sample size.  The only difference between seedlings symbiotic with 
CALAFULVR22 and CALAFULVR26 fungi was that there were more deformed seedlings 
with the CALAFULVR22 symbiosis (Fisher’s Exact test, p=0.008; Appendix C, Table 4.4.4A 
c.f. p>0.05; Appendix C, Tables 4.4.4B-F). 
 
 291 
Table 4.12 Experiment 3: Growth and survival data for seedlings of Arachnorchis fulva 
symbiotic with three different fungal isolates.  All seedlings were deflasked 
from oatmeal agar containing 5 g/L sucrose. Different letters (i.e. a and b) 
among treatments describes a significant difference 
 
 
 Arachnorchis fulva 
Fungal isolate CALAFULVR4 CALAFULVR22 CALAFULVR26 
Medium B B B 
Sucrose concentration 5 5 5 
Time in agar (days) 181 181 181 
Age at deflasking (days) 306 295 295 
 
   
Measurements at t=0 (deflasking) 
   
Average dropper length (mm)  - 17.2 ± 2.0 19.2 ± 3.1 
Leaf length (mm) 75.6 ± 13.9a 32.7 ± 2.6b 30.8 ± 5.7b 
Leaf width (mm) 4.4 ± 1.4a 1.96 ± 0.15b 2.1 ± 0.2b 
 
   
Dropper development    
deformed 1 7 0 
< 10 mm 1 10 11 
> 10 mm< 30 mm 0 9 8 
> 30 mm 2 3 6 
tuber 2 5 4 
    
Total seedlings measured (in vitro) 6 34 29 
Total seedlings deflasked into soil - 33 27 
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Figure 4.15 Experiment 3. Distribution of the stages of development reached by 
Arachnorchis fulva seedlings growing in Medium B (5 g/L sucrose) and 
symbiotic with different fungi.  Columns are marked with “a” and “b” where 
the numbers of seedlings per category differed significantly between fungal 
treatments. 
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4.3.7 Experiment 4. Effect of aerated substrates on growth of Glossodia major in vitro.  
Leaf lengths of G. major seedlings when measurements commenced at 12.5 weeks from 
sowing, were already significantly different among treatments (Fig. 4.16) (Mood’s median 
test, Chi2=27.29, p<0.001, Appendix C, Table 4.5.1).  Leaf length of seedlings growing on 
casuarina needles, raw cotton, rice hulls, scoria and vermiculite did not differ, but leaf length 
was greater for raw cotton and rice hulls substrates than it was for agar 2 and cellulose sponge 
substrates.  After 20 days’ growth, leaf length had increased for all treatments (Paired T-tests, 
p<0.05; Appendix C, Table 4.5.2 A-G).  Significant differences in leaf length among 
treatments was apparent at the conclusion of the experiment 20 days later (t=24)(Mood’s 
median test, Chi2=32.56, p<0.001, Appendix C, Table 4.5.3), with leaf length greater on raw 
cotton substrate than for any other treatment except rice hulls. 
 
There was a significant difference in the increase in leaf length per week for different media 
(Fig. 4.16)(Mood’s median test, Chi2=19.82, p<0.003, Appendix C, Table 4.5.4).  ANOVA 
suggested that the greatest increase in leaf length occurred on raw cotton substrate (2.26 
mm/week) and that the least occurred on casuarina needles (0.18 mm/week).  There was no 
difference in amount of increase in leaf length for the following substrates: oatmeal agar V2, 
rice hulls, scoria, cellulose sponge and vermiculite (Mood’s median test, Chi2=3.18, p=0.528, 
Appendix C, Table 4.5.5). 
 
Survival of seedlings on different substrates differed significantly (Fisher’s exact test, 
p<0.001; Appendix C, Table 4.5.6).  Casuarina needles appeared to have the poorest survival 
rate of 66% when compared with all other substrates, which had >95% survival.  No seedlings 
of G. major were deflasked, since this symbiosis failed prior deflasking.  All growth ceased 
and leaves became chorotic after this experiment concluded. 
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Figure 4.16 Experiment 4. Glossodia major seedlings grown on a range of substrates.  
Measurements were taken at t=4 days and t=24 days from transfer.  
Error bars = standard error. 
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4.3.8 Experiment 5. (part A) Effect of aerated substrates on growth of Arachnorchis 
tentaculata in vitro. 
Growth of seedlings on filter paper chairs was minimal and results were not included. 
 
Exp. 5a A. tentaculata grown with 5 g/L sucrose and 4 different substrates 
Leaf lengths of A. tentaculata seedlings when measurements commenced at 6 weeks from 
transfer, were already significantly different among treatments (Mood’s median test, 
Chi2=36.51, p<0.001, Appendix C, Table 4.6.1).  Leaf length declined from wool liner to 
cellulose sponge and raw cotton and then raw wool.  After 15 days’ growth (t=57), leaf length 
had increased for seedlings growing on raw cotton, cellulose sponge and wool liner substrates 
(Paired T-tests, p<0.05; Appendix C, Table 4.6.2 A-C), but not for seedlings growing on raw 
wool substrate (Paired T-tests, T=0.4, p=0.695; Appendix C, Table 4.6.2 D).  Significant 
differences in leaf length among treatments was apparent at the conclusion of 15 days’ growth 
(t=57)(Mood’s median test, Chi2=37.48, p<0.001, Appendix C, Table 4.6.3).  Seedlings 
growing on wool liner had the greatest leaf length, followed by cellulose sponge and raw 
cotton, with seedlings growing on raw wool having the least leaf length.  
 
At t=57, there was a significant difference in the increase in leaf length among substrates (Fig. 
4.17) (ANOVA, F=20.44, p<0.001, Appendix C, Table 4.6.4).  Raw wool was the least 
effective substrate for growth, with Yates® wool liner and cellulose sponge being equally as 
effective (Fig. 4.17) (Fig. 4.18A-C).  Raw cotton was more effective than raw wool, but not as 
effective as either Yates® wool liner or cellulose sponge (Fig. 4.18D). 
 
At the end of measurements, t=57 days, there was no difference among substrates for survival 
of seedlings (Chi2 test, Chi2=0.05, p>0.05, Appendix C, Table 4.6.5).  The pH of raw wool 
was very acidic (pH = 4) and the seedlings had been waterlogged as well, because the wool 
compacted in the base of the tube.  The leaves of seedlings were pale green (Munsell, 7.5GY 
6.8) (chlorosis).  Raw cotton also displayed waterlogging (Fig. 4.18D), but not to the degree 
of the raw wool.  With raw cotton, seedlings showed yellowing at the base of the leaf.  No 
chlorosis was observed in either cellulose sponge or wool liner treatments, where the leaves 
remained a uniform green (Munsell, 2.5G 5.8).   
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Figure 4.17 Experiment 5a. Increase in leaf length for the period between t=42 and t=57 
days for Arachnorchis tentaculata seedlings growing on four different 
substrates with 5 g/L sucrose in the media.  Error bars = standard error. 
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Figure 4.18 Experiment 5A. Variation in growth of Arachnorchis tentaculata seedlings 
depending on substrate and sucrose level.  Scale bars = 1 cm. 
A) Seedling of Arachnorchis tentaculata growing in Yates® wool liner and 
high sucrose.  Note excellent growth of root hairs (rhizoids) and dark green 
colour of leaf.   
B) Seedling of Arachnorchis tentaculata growing on green cellulose sponge 
and high sucrose.  Note dark green colour of leaf.   
C) Closeup of the rhizoids and dropper structure of Arachnorchis tentaculata. 
Note lesser development of rhizoids than A). 
D) Seedlings of Arachnorchis tentaculata growing on raw cotton and low 
sucrose (note pale green leaves). 
A. B. 
C. D. 
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Exp. 5b A. tentaculata grown on cellulose sponge and 3 levels of sucrose 
Leaf lengths of A. tentaculata seedlings when measurements commenced at 6 weeks (t = 42) 
were already significantly different among treatments (Fig. 4.19) (Mood’s median test, 
Chi2=28.85, p<0.001, Appendix C, Table 4.6.6).  ANOVA suggested that leaves were longest 
for the high sucrose (5 g/L) treatment and that there was no difference in leaf length between 
0 and 2.5 g/L sucrose.  Seedlings from the 5 g/L sucrose treatment were deflasked on April 4, 
whereas leaf measurements continued for the other two treatments.  Leaf length did not differ 
between the 0 and 2.5 g/L sucrose treatments at the end of the experiment after 44 days’ 
growth (t = 86) (ANOVA, F=2.88, p=0.094; Appendix C, Table 4.6.7). 
 
There was a significant difference in the increase in leaf length per week for different 
concentrations of sucrose in the media (Mood’s median test, Chi2=43.85, p<0.001, Appendix 
C, Table 4.6.8).  ANOVA suggested that the highest concentration of sucrose (5 g/L) gave the 
greatest increase in leaf length (2.23 mm/week) while there was no difference between 0 and 
2.5 g/L sucrose (0.15 mm vs 0.46 mm/week respectively). 
 
Survival of seedlings on cellulose sponge declined inversely with concentration of sucrose 
(Fig. 4.20)(Chi2 test, Chi2= 29.58, p<0.001; Appendix C, Table 4.6.9). ANOVA suggested 
that survival differed significantly among concentrations of sucrose, with survival being 
greatest with the greatest concentration of sucrose and least when no sucrose was used. 
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Figure 4.19 Experiment 5B. Leaf length of Arachnorchis tentaculata seedlings growing on 
cellulose sponge with 3 different levels of sucrose in the media.  Measurements 
commenced 6 weeks from transfer to media.  Error bars = standard error. 
 
 
Figure 4.20 Experiment 5B. Survival of Arachnorchis tentaculata seedlings growing on 
cellulose sponge with 3 different levels of sucrose in the media.  
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Exp. 5c A. tentaculata grown on raw cotton and 2 levels of sucrose 
Leaf length of A. tentaculata seedlings for each sucrose treatment did not differ at the start of 
the experiment (t = 42) (Table 4.13) (ANOVA, F=0.21, p=0.652, Appendix C, Table 4.6.10).  
After 44 days’ growth (t = 86), sucrose concentration showed no effect on leaf length 
(Mood’s median test, Chi2=0.04, p=0.839, Appendix C, Table 4.6.11). 
 
There was no difference in the increase in leaf length per week between seedlings of A. 
tentaculata growing on raw cotton medium for 2.5 or 5 g/L sucrose (Mood’s median test, 
Chi2=1.42, p=0.234, Appendix C, Table 4.6.12).  However, survival of seedlings on raw 
cotton medium differed significantly with concentration of sucrose (Fisher’s exact test, 
p=0.005; Appendix C, Table 4.6.13), with significantly more seedlings surviving on 5 g/L 
sucrose than on 2.5 g/L sucrose. 
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Table 4.13 Data for Arachnorchis tentaculata seedlings growing on raw cotton substrate 
with two concentrations of sucrose.  Population means given ± standard error.  
The letters “a” and “b” indicate a significant difference across columns. 
 
 
 Sucrose concentration (g/L) 
 
   
Parameter 2.5  5 
Leaf length (t=42 days) (mm) 11.8 ± 1.1a  12.2 ± 1.1a 
Leaf length (t=86 days) (mm) 16.3 ± 2.0a  20.5 ± 2.2a 
Increase in leaf length (mm)/week 0.7 ± 0.2a  1.4 ± 0.3a 
Survival (t=86 days) 17 (81%)a  42 (100%)b 
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Growth and survival of seedlings ex vitro 
 
4.3.9 Experiment 2. (part B) Effect of sucrose in agar medium on growth and survival 
after deflasking. 
The proportion of A. tentaculata seedlings with a green leaf 3 months after deflasking (t=3 
months) was significantly different between media (Chi2 test, Chi2=6.6, p=0.005; Appendix 
C, Table 4.7.1).  More plants deflasked from agar medium without sucrose had a green leaf 3 
months later (Table 4.14), than plants deflasked from agar containing 10 g/L sucrose.  The 
proportion of seedlings that formed a tuber and entered dormancy differed significantly 
between media (Chi2 test, Chi2=16.7, p<0.001; Appendix C, Table 4.7.2).  Sucrose promoted 
the development of tubers and more seedlings entered dormancy than from agar medium with 
no sucrose.  In spite of the increased proportion of tubers developed in soil from the 10 g/L 
sucrose treatment, the same proportion of A. tentaculata seedlings survived the summer 
dormancy period and re-emerged for both sucrose treatments (10 g/L and 0 g/L sucrose) 
(Fisher’s Exact test, p=0.562; Appendix C, Table 4.7.3) (Table 4.14).  Of the tubers that 
formed, a greater proportion rotted over the summer dormancy period for seedlings deflasked 
from 10 g/L sucrose than for 0 g/L sucrose (Fisher’s Exact test, p=0.037; Appendix C, Table 
4.7.4).  
 
The proportion of G. major seedlings with a green leaf 3 months after deflasking (t=3 months) 
was significantly different between media (Fisher’s exact test, p<0.001; Appendix C, Table 
4.7.5).  A greater proportion of plants deflasked from agar medium without sucrose had a 
green leaf 3 months later (Table 4.14), than plants deflasked from agar containing 5 g/L 
sucrose.  The proportion of seedlings that formed a tuber and entered dormancy differed 
between media (Fisher’s exact test, p=0.023; Appendix C, Table 4.7.6), with 87% of plants 
from the 5 g/L sucrose leaving no trace and 45.5% from the 0 g/L sucrose.  There was little 
evidence of rotted tubers (Table 4.14).  The absence of sucrose might have increased re-
emergence of G. major seedlings after the summer dormancy period (Table 4.14) when 
compared with re-emergence of seedlings deflasked from agar with 5 g/L sucrose (Fisher’s 
exact test, p=0.016; Appendix C, Table 4.7.7), but samples were too small. 
 
Leaves of G. major seedlings deflasked from agar with 0 g/L sucrose were a rich dark green 
(Munsell, 2.5G 4.6), unlike the paler yellowish green of seedlings of A. tentaculata deflasked 
from agar with 0 g/L sucrose. 
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Table 4.14 Experiment 2: Growth and survival data for seedlings deflasked from oatmeal 
agar containing different sucrose concentrations.  All seedlings were deflasked 
into deep-mined silica sand with a 1:1 mulch of mulched eucalyptus bark: 
deep-mined silica sand.  Statistical significance across columns is indicated by 
“a” and “b”. 
 
 
  Species 
 Arachnorchis tentaculata  Glossodia major 
Medium A C  B C 
Sucrose concentration 10 0  5 0 
Age at deflasking (days) 251 309  295 295 
 
     
Measurements at t=0 (deflasking) 
     
Total seedlings surviving in vitro 37 157  15 11 
Total seedlings deflasked into soil 33 85  15 11 
      
Measurements at t=3 months 
     
number of plants with a green leaf  2a (6%) 26b (31%)  1a (7%) 10b (91%) 
      
Measurements at t=13 months 
     
number no trace 19 (58%)a 78 (92%)b  13 (87%)a 5 (45.5%)b 
number of plants re-emerged (A) 3 (9%) 5 (6%)  1a (6.5%) 6b (54.5%) 
number with rotted tubers (B) 11a (33%) 2b (2%)  1 (6.5%) 0 
number of plants entering dormancy 
(A + B) 
14 (42%)a 7 (8%)b  2 (13%)a 6 (54.5%)b 
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4.3.10 Experiment 3 (part B): Effect of fungal strain and soil mix on survival after 
deflasking. 
The six seedlings symbiotic with CALAFULVR4 were soft and unhealthy and were discarded 
rather than potted into soil. With the two other fungal strains, there was minimal evidence of 
healthy green leaves prior to dormancy, or evidence of rotted tubers after the dormancy period 
had concluded..  
 
Re-emergence of Arachnorchis fulva seedlings following dormancy was very poor, with two 
survivors from the CALAFULVR22 symbiosis and none from the CALAFULVR26 
symbiosis (Table 4.15).  Regardless of fungal symbiont or soil type, greater than 85% of 
seedlings left no trace after 13 months ex vitro. 
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Table 4.15 Experiment 3b: Growth and survival data for seedlings of Arachnorchis fulva 
symbiotic with two different fungal isolates.  All seedlings were deflasked 
from oatmeal agar containing 5 g/L sucrose. 
 
 
 Arachnorchis fulva 
Fungal isolate CALAFULVR22 CALAFULVR26 
Sucrose concentration 5 5 
Age at deflasking (days) 295 295 
 
  
Measurements at t=0 (deflasking) 
  
Total seedlings deflasked into soil 33 27 
Silica sand with Eucalypt mulch 
Silica sand:Debco mix (1:1) 
 
18 
15 
27 
- 
Measurements at t=3 months Sand/Euc. Sand/Deb. 
 
Sand/Euc 
number of plants with a green leaf 1 (5.6%) 0  1 (3.7%) 
    
Measurements at t=13 months 
   
number no trace 17 (94.4%) 13 (86.7%)  27 (100%)0 
number of plants re-emerged (A) 1 (5.6%) 1 (6.7%)  0 
number with rotted tubers (B) 0 1 (6.7%)  0 
number of plants entering dormancy  
(A + B) 
1 (5.6%) 2 (13.3%)  0 
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4.3.11 Experiment 5 (part B): Effect of aerated substrates on growth and survival of 
Arachnorchis tentaculata after deflasking. 
The growth cabinet failed overnight on May 10, 2000, reaching over 40oC for an unknown 
period of time.  The results of surviving dormancy (summer 2000/01) are only reported for 
the 57 seedlings from the 5 g/L sucrose treatment that were deflasked in April, prior to cabinet 
failure, at 17 weeks from sowing.  Of these, 38 seedlings were deflasked from cellulose 
sponge and 19 seedlings were deflasked from raw cotton substrate. 
 
After dormancy (89 weeks from sowing), there was no difference in survival of seedlings 
from cellulose sponge (39.5%) or raw cotton (53%) substrates (Chi2 test, Chi2= 0.891, 
p=0.345; Appendix C, Table 4.8.1).  A few seedlings were entangled in the raw cotton 
substrate (Fig. 4.21 A and C) and had not emerged above soil level when scored.  
Entanglement was not a problem for seedlings growing on cellulose sponge (Fig. 4.21 B), as 
the cellulose was partially or fully degraded after 16.6 months in soil.  Seedlings that became 
entangled in the substrate had less advanced shoot development when compared with 
seedlings that emerged without restriction. 
 
Seedlings grown in a deep-mined silica sand soil mix were more likely to re-emerge (49%) 
than seedlings in a soil mix containing ground oatmeal (0%) (Fig. 4.22)(Fisher’s exact test, 
p=0.017; Appendix C, Table 4.8.2).  There was no difference in survival among deep-mined 
silica sand soil mixes with different additives (Figure 4.16) (Fisher’s exact test, p=0.555; 
Appendix C, Table 4.8.3). 
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Figure 4.21 Arachnorchis seedlings after 16 months in soil deflasked from different 
substrates in vitro.  All scale bars equal 1 cm. 
A) Arachnorchis tentaculata seedling symbiotic with CALATENTR1 
deflasked from raw cotton substrate. Note: entanglement has caused the 
absence of a shoot on the upper side of the substrate. 
B) Arachnorchis tentaculata seedling symbiotic with CALATENTR1 
deflasked from green cellulose sponge. Note: Shoot (S) is aligned 
vertically to the tuber (T) and note advanced state of shoot. 
C) Arachnorchis tentaculata seedlings symbiotic with CALATENTR1 
deflasked from raw cotton.  Note: The shoot (S) is not vertically aligned 
with the position of either tuber (T). 
C. 
A. B. 
T 
T 
S 
S 
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Figure 4.22 Experiment 5 part B. Survival of Arachnorchis tentaculata seedlings deflasked 
from 5 g/L sucrose (cellulose sponge or raw cotton).  Deflasked on 10 April 
2000. Scored for survival on 16 August 2001 (89 weeks from sowing). 
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4.3.12 Experiment 6: Effect of aerated substrates and potting mixes on survival and 
development of Arachnorchis spp. and other orchids ex vitro 
Exp. 6A. Effect of prior substrate on leaf growth and re-emergence in Arachnorchis seedlings 
deflasked into RBG terrestrial orchid mix  
The leaf remained green, 3 months after deflasking, for more than 81% of seedlings deflasked 
into RBG terrestrial orchid mix from cellulose sponge substrate (Table 4.16).  Even the 
seedlings of A. tentaculata and A. venusta deflasked in 2000 after the cabinet failure 
maintained a green leaf for every individual for at least 3 months after deflasking.  The leaf 
also remained green for 67-99% of Stage 4 protocorms deflasked directly into soil from 
germination plates (Table 4.16). 
 
Leaves of individual A. hastata and A. fulva seedlings (symbiotic with fungi CALAFULVR27 
and CALAFULVR28) continued to grow during the time between deflasking and the first 
dormancy period (Paired T-tests, p<0.006; Appendix C, Tables 4.9.1-4.9.3).  All seedlings 
had been growing actively with dark green (Munsell, 2.5G 5.8) leaves at the time of 
deflasking.  The leaf of one A. hastata seedling died, but for the remaining 29 plants the 
average increase in leaf length was 1.8 mm/week.  Leaves of A. fulva seedlings (symbiotic 
with fungi CALAFULVR27 and CALAFULVR28) increased in leaf length.  Leaves of A. 
fulva seedlings symbiotic with fungal culture CALAFULVR26 did not differ in length 
between August and October (Paired T-test, p=1.0; Appendix C, Table 4.9.4), and mean 
length decreased because one leaf died back by 15 mm.  Although the leaf of individual 
seedlings generally increased in length, this was not always reflected by the population means 
(Fig. 4.23; Appendix C, Tables 4.9.5-4.9.8).  Leaves were generally no more than 2 mm wide 
(Table 4.16).  No leaf measurements were recorded for the other species of Arachnorchis. 
 
Re-emergence of seedlings after the summer dormancy period ranged from 7.5 to 80% (Table 
4.16).  Re-emergence was significantly different between years of deflasking (Chi2 test; 
Chi2=20.21, p < 0.001; Appendix C, Table 4.9.9) and from different substrates (Chi2 test; 
Chi2=4.85, p >0.05; Appendix C, Table 4.9.10), but these data are not truly comparable 
because different species are involved.  Seedlings deflasked in 2000 that experienced the 
cabinet failure, averaged 60.9% re-emergence, significantly more seedlings than survived 
deflasking from cellulose sponge in 2001 (31.9% average).  Re-emergence of seedlings 
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Figure 4.23 Experiment 6A. Leaf growth of symbiotic Arachnorchis seedlings deflasked 
from cellulose sponge in May (A. hastata) and July (A. fulva).  Both species 
potted into RBG terrestrial orchid mix.  A significant difference between 
columns is indicated by “a” and “b”.  Population means plotted ± standard 
error. 
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deflasked directly from germination plates averaged 10.9%, which was significantly less than 
expected (Chi2 test; Chi2=4.85, p >0.05; Appendix C, Table 4.9.10), when compared with re-
emergence of seedlings deflasked from cellulose sponge in 2001.  
 
Plants germinated in 2000 were not checked for rotted tubers after dormancy in 2001.  There 
was no evidence in 2002 of rotted tubers for seedlings of A. amoena, A. fulva 
(CALAFULVR26 and CALAFULVR28 symbioses), A. tentaculata (from germination plates) 
or A. venusta (from germination plates).  For A. fulva seedlings symbiotic with fungus 
CALAFULVR27, 18.5% of seedlings formed a tuber that rotted over the summer dormancy 
period.  This was equivalent to 60% of formed tubers. Seedlings of A. hastata were removed 
to Portland for re-introduction to natural sites, and so re-emergence data after dormancy was 
not available. 
 
Exp. 6B. Effect of potting mix on re-emergence in Arachnorchis tentaculata seedlings 
deflasked into various potting mixes 
Re-emergence of A. tentaculata seedlings from different soil mixes ranged from 16 to 40% 
(Table 4.17).  There was no difference in survival of seedlings over the summer dormancy 
period among any of the soil mixes and mulches tested (Chi2 test; Chi2= 1.77, p>0.05; 
Appendix C, Table 4.9.11).  There was no difference between soil mixes when divided into 
those with and those without organic content (Fisher’s exact test, p = 0.334; Appendix C, 
Table 4.9.12).  No rotted tubers were found, but there were several live tubers still 
subterranean in August.  Seedlings growing in pure deep-mined silica sand showed yellowing 
at the base of the leaf, while seedlings growing in pure fine, composted pine bark (Debco) 
were thin and weak. 
 
There was no difference in tuber production for seedlings of Arachnorchis deflasked from 
cellulose sponge in July (Exp. 6A) when compared with those deflasked in September (Exp. 
6B) (Chi2 test; Chi2= 1.45, p = 0.228; Appendix C, Table 4.9.13).  Tuber formation in RBG 
terrestrial orchid mix was greater than tuber production from sand and/or Debco mixes 
(ANOVA, F= 7.01, p= 0.021; Appendix C, Table 4.9.14) when tuber formation from all years 
(Exp. 6A and 6B) was considered (excluding plants deflasked from germination plates), but 
these data are not truly comparable because different species are involved. 
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Exp. 6C. Potential of scoria and rice hulls combination substrate 
One substrate that produced excellent growth in vitro was a combination of fine scoria and 
rice hulls.  This substrate appeared to suit a range of species (Fig. 4.24A, B).  Rhizoid 
development was particularly good for species of Arachnorchis (Fig. 4.24C).  Although 
preliminary results in vitro appeared better than any previous aerated substrate, there was 
insufficient time to test this observation systematically. 
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Figure 4.24 Experiment 6C. Orchid seedlings growing in sterile scoria and rice hulls mix.  
A) Pots of Pterostylis basaltica seedlings (left) and Arachnorchis phaeoclavia 
seedlings (right).   
B) Closeup of P. basaltica seedlings.   
C) Closeup of the rhizoids and dropper structures of Arachnorchis robinsonii. 
 
B. C. 
A. 
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4.3.13 Experiment 7. Effect of transplantation to garden bed on survival and re-
emergence in Arachnorchis tentaculata. 
Of the 40 A. tentaculata seedlings planted, 17 were from a sand/Debco soil mix and 23 were 
from an RBG terrestrial orchid soil mix.  The average leaf length of these two populations 
differed significantly at planting (ANOVA, F=21.01, p<0.001; Appendix C, Table 4.10.1), 
with the leaf length of seedlings in RBG mix 1.9 times greater than the leaf length of 
seedlings in the sand/Debco mix (Table 4.18).  There was no difference between the two 
populations based on leaf width (Mood’s Median test, Chi2= 1.25, p = 0.263; Appendix C, 
Table 4.10.2). 
 
After 3 months, 38 plants were recorded, not significantly different from the number of 
seedlings planted (Fisher’s exact test, p = 0.247; Appendix C, Table 4.10.3).  Plants from 
RBG mix did not have significantly longer leaves after 3 months’ growth (Paired T-test, T-
Value = -1.81, p = 0.084; Appendix C, Table 4.10.4), whereas seedlings from the sand/Debco 
mix did (Paired T-test, T-Value = -4.22, p = 0.001; Appendix C, Table 4.10.5).  The average 
leaf width was not different from that recorded at planting for seedlings from either RBG mix 
(Mood’s Median Test, Chi2= 0.55, p = 0.457; Appendix C, Table 4.10.6) or sand/Debco mix 
(Mood’s Median Test, Chi2= 0.3, p = 0.582; Appendix C, Table 4.10.7). 
 
After 13 months in a garden bed only six plants were recorded for 2002, equating to a 
significant 85% disappearance of the population (Chi2 Test, Chi2= 55.7, p<0.001; Appendix 
C, Table 4.10.8) since planting.  Three seedlings survived from each of the original soil 
mixes.  The average leaf length in August of the seedlings from RBG terrestrial orchid mix 
was not significantly different from leaf length at planting (Two-sample T-test, T-Value = 
0.88, p = 0.47; Appendix C, Table 4.10.9) although grazing of leaf tips prevented an accurate 
comparison.  Similarly, there was no difference in leaf length of seedlings from the 
sand/Debco mix (Two-sample T-test, T-Value = -2.22, p = 0.157; Appendix C, Table 
4.10.10).  The average leaf width in August of the seedlings from RBG terrestrial orchid mix 
was not significantly different from leaf width at planting (Two-sample T-test, T-Value = -
1.59, p = 0.252; Appendix C, Table 4.10.11).  The leaf width of the seedlings from the 
sand/Debco mix averaged 7.0 mm at 13 months and was significantly greater than the leaf 
width recorded at planting (Two-sample T-test, T-Value =-8.62, p = 0.013; Appendix C, 
Table 4.10.12).   
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Four of the remaining six plants flowered; all three of the seedlings from the sand/Debco mix 
and one plant from the RBG mix.  Grazing of four plants was noted, possibly by slugs since 
baiting had not occurred.  In August 2002, liverworts encrusted the surface of the soil after 
maintenance of the site ceased in February of that year.  Rotting of the orchid tubers was 
noted after digging up some of the plants that had not re-emerged. 
 
A flourishing crop of nettles prompted testing of the soil nutrients 12 months after the soil 
was received.  Although the soil was specified to be low in nitrogen and phosphorus prior to 
delivery, and was apparently tested by the company prior to sale, it yielded a high phosphorus 
content of 230 mg/kg (Colwell P).  This exceeded all field sites (see Chapter 2) by at least 217 
mg/kg.  The pH of the purchased soil was slightly basic (pH=7.9), rather than acidic as 
specified, at least two pH points higher than the least acidic field site.  Weed seeds, in 
particular nettles, were a problem in this soil.  Exchangeable cation levels were similar to the 
field sites except for calcium, which was 20% higher in the trial bed, and magnesium, which 
was 12% lower than the lowest field site value (Anglesea). 
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4.4 DISCUSSION 
Survival of Arachnorchis seedlings after deflasking in excess of 10% was shown to be 
possible for a range of species, with more than 81% of seedlings remaining alive 3 months 
after deflasking (Exp. 6A).  Formation of tubers prior to dormancy was another critical phase, 
as well as survival of these tubers over the summer period.  Up to 80% of deflasked seedlings 
could form tubers and survive the summer dormancy period (Exp. 6A), showing that 
terrestrial orchids can be propagated as successfully as many common horticultural species.  
However, to achieve such rates it was generally necessary to control sucrose in the medium, 
to use substrates other than agar, and to use a potting mix that was free-draining.  Seedlings 
must form tubers prior to dormancy and watering must be avoided after senescence to give 
plants the best chance of surviving the summer period and re-emerging. 
 
4.4.1 Development of Arachnorchis ex vitro 
Observations of the development of deflasked plants helped to explain why plants in the field 
appeared to change position (Chapter 2).  True roots were not formed in the first year of 
growth, since the dropper elongated, terminated in a tuber and then collapsed as the plant 
entered dormancy.  When the tuber reactivated after dormancy, a new shoot was extended up 
through the old dropper remains, possibly a consequence of the shoot using a “path of least 
resistance”.  When the shoot had to emerge through a resistant substrate such as raw cotton, it 
was sometimes forced to take an alternative route from back through the old dropper 
structure.  This could result in the shoot being shifted horizontally in relation to the starting 
point at the tuber.  The ability of the shoot to take alternative routes to the soil surface would 
explain why mapped plants in the field sometimes shifted location by a few centimetres from 
year to year (Chapter 2). 
 
Seedlings could flower in their second or third year, much earlier than expected.  Seedlings 
were successfully transferred from individual Hiko cells to large community pots when the 
leaf had only recently emerged for the first time after dormancy (<2 cm).  At this point no 
roots had formed and transplant shock was expected to be at its lowest.  Seedlings planted in a 
garden bed were also transferred at this stage.  For community pots, only the RBG terrestrial 
orchid mix was used and plants were extremely healthy and robust in their second year of 
growth.  The transplanting of seedlings at this early stage meant that plants had almost an 
entire growing season to re-establish in the new soil. Several plants of A. tentaculata 
produced a flower bud at 17 months from germination, but most species flowered in the third 
year from seed, e.g. A. robinsonii, A. venusta and A. amoena.  This was much sooner than 
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expected, with flowering initially suggested at 5-6 years from seed (M. Thomas, ANOS, pers. 
comm.). 
 
4.4.2 Effect of sucrose in the medium 
Development in vitro 
Sucrose in the medium in vitro had a variety of effects on orchid development.  Sucrose 
restricted leaf length when added to an agar-based medium (Exp. 1 and 2) and promoted 
chlorosis of the leaf (Exp.2).  Sucrose also increased dropper length, resulting in greater tuber 
production in the population (Exp. 2).  Greater tuber production led to more seedlings 
entering dormancy and potentially to more seedlings re-emerging and being recruited into a 
breeding population.  When aerated substrates were used, sucrose promoted the greatest 
increase in leaf length and survival of seedlings in vitro improved (Exp. 5b and c).   
 
Sucrose in the media provided a more readily available carbohydrate for orchid growth than 
starch and cellulose from the oatmeal.  Arachnorchis, being a deciduous orchid, is adapted to 
storing food reserves in the tuber for survival.  It is possible that once sufficient reserves are 
accessed, dropper development switches to tuber production and these reserves are then 
channelled into the developing tuber.  The results suggest that when carbohydrates were not 
so readily available from the media using the heterotrophic pathway, the orchid relied more 
on autotrophism and the leaf became an important means of providing carbohydrates.  Hence, 
the leaves of seedlings in agar media without sucrose were green and functioning (Exp. 2A).  
The greater number of tubers produced with 10 g/L sucrose, particularly from seedlings 
without a green leaf, suggests that the leaf is not necessary for the development of a tuber.  
 
The role of the leaf was, however, indispensable in most cases.  Although unnecessary under 
some conditions, if there was little evidence of a green leaf after deflasking, then there was 
also little evidence that tubers formed (Exp. 3b).  It is possible that carbohydrates were more 
rapidly sequestered using the heterotrophic pathway than by photosynthesis.  However, had 
this been the only factor, one would have expected more tubers to form in the 5 g/L sucrose 
treatment with chorotic leaves for G. major than for the no sucrose treatment with functioning 
green leaves.  For G. major it is unlikely that sufficient carbohydrates were accessed from the 
5 g/L sucrose medium using heterotrophy and that more carbohydrates were manufactured 
from photosynthesis.  Those seedlings without a functioning leaf (5 g/L sucrose) could not 
boost carbohydrate access and therefore failed to develop a tuber.  However, it is possible that 
G. major has a different metabolism to Arachnorchis species, and so these results must keep 
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this in mind.  The formation of tubers was also probably linked to the amount of growth that 
occurred after deflasking.  Seedlings with an obviously healthy green leaf like those of the G. 
major (no sucrose) group, would continue to grow and sequester carbohydrate, potentially 
forming a tuber prior to dormancy, whereas seedlings without a green leaf were more likely to 
die prior to tuber formation.  Rather than measuring leaf length to determine the effectiveness 
of carbohydrates in the media, it is probably better to measure seedling fresh weight as well as 
dropper length and frequency, which would account for dropper and tuber growth as well.   
 
There might be a better carbon source for Arachnorchis seedlings than sucrose in agar 
medium.  Sucrose was utilised by Arachnorchis orchids and could be used to increase 
tuberisation, but the concentration of sucrose was important depending on the substrate used.  
Cellulose from oatmeal was sufficient for seedling growth in agar medium, but not sufficient 
in the liquid medium for aerated substrates.  Tsutsui and Tomita (1990) found cellulose and 
inulin in agar were better carbon sources for symbiotic seedling growth of Spiranthes sinensis 
and Liparis nervosa, giving greater seedling fresh weight when compared with sucrose and 
other mono- or disaccharides.  Such differences in symbiotic seedling growth probably relate 
to the ability of the fungus to break down different carbon sources and on the capability of the 
orchid to utilise the sugars.  It may be useful to screen orchid mycorrhizal fungi to find what 
other carbon sources are available to them and unlikely to be available to common soil 
pathogens. 
 
The demise of tubers over the summer dormancy period was also possibly linked to sucrose 
concentration in the in vitro medium.  In A. tentaculata the presence of sucrose increased the 
proportion of tubers that rotted (Exp 5B).  The presence of sucrose in the in vitro medium 
may have made the tuber more susceptible to pathogens by interfering with tuber defence 
mechanisms, similar to those found in protocorms that are able to contain or eliminate fungal 
infections (Hadley, 1970).  Warcup (1971) found that Penicillium and other fungi were 
common inhabitants of the sheath-like coating on tubers of Arachnorchis, but tubers remain 
free from pathogenic infection in the wild.  Further studies with larger seedling numbers 
would be required to investigate this further. 
 
4.4.3 Effect of aerated substrates 
Aerated substrates were used successfully in vitro for growing a range of species (Exp. 4, 5 
and 6) and it was most likely aeration of the seedling (apart from a successful symbiosis) that 
played an important role in the health and growth of seedlings.  It was not critical to avoid 
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agar as an in vitro substrate (Exp. 2b, 4), but the development of extensive root hairs over the 
entire dropper surface for some species caused great difficulties when removing agar from 
seedlings.  It was difficult to remove all of the agar from the seedlings without breaking root 
hairs and some agar always remained behind, adhering to the root hairs or dropper structure.   
 
The preferred substrates from these studies were cellulose sponge and raw cotton, with Yates 
wool liner a distant third.  Most aerated substrates were equal to agar for seedling growth of 
G. major, but raw cotton increased leaf length (Exp. 4).  Increase in leaf length was greater 
and appearance of A. tentaculata seedlings was greener on substrates such as cellulose sponge 
and Yates® wool liner than on raw cotton (Exp. 5A).  Poor seedling growth, most likely 
related to the substrate compacting in the culture tube for raw cotton, resulting in a lack of 
aeration to the seedling.  Cellulose sponge did not compact and provided an additional carbon 
source for the fungus because it was more easily broken down than raw cotton or Yates® wool 
liner, both of which remained relatively unchanged after more than 12 months in soil, and so 
cellulose sponge was preferable to either. 
 
Seedlings deflasked from agar substrates were disadvantaged when compared with seedlings 
deflasked from aerated substrates.  The leaf of most seedlings senesced when deflasked from 
agar, particularly when the seedlings were no longer in a state of active growth.  Even G. 
major seedlings achieved only 55% green leaves and this was the exception for agar 
treatments, not the average (Exp. 2b).  Huynh et al. (2004) also note that “mortality of 
seedlings [A. formosa] after deflasking [from agar with 12 g/L sucrose] was high”, with only 
44% average survival.  Results were only given for 1 month after deflasking.  The survival 
and health of Stage 4 protocorms deflasked directly from germination plates compared well 
with agar treatments, with more than 58% of seedlings maintaining a green leaf 3 months 
after deflasking (Exp.6A).  These results, with a minimum of time and care, suggest that the 
more time-consuming and costly agar method of orchid culture (in resources and plant deaths) 
require more efficient alternative substrates to be found. 
 
Deflasking of Arachnorchis seedlings from aerated substrates avoided large losses of 
seedlings, with cellulose sponge again the preferred substrate.  Deflasking seedlings from 
aerated substrates resulted in more live seedlings after dormancy, apart from the 55% 
successful re-emergence of G. major seedlings after deflasking from agar.  Re-emergence 
after summer dormancy of A. tentaculata seedlings deflasked from cellulose sponge and raw 
cotton exceeded 40% (Exp. 5b).  Seedlings became tangled in the raw cotton substrate, which 
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may have prevented the shoot from reaching the surface.  Cellulose sponge degraded more 
rapidly in soil and did not physically hinder seedling development.  Up to 80% re-emergence 
was possible for seedlings of A. tentaculata deflasked from cellulose sponge (Exp.6A).  More 
than 81% of seedlings deflasked from cellulose sponge into RBG terrestrial orchid mix 
maintained a green leaf 3 months after deflasking (Exp. 6).   
 
It was important that seedlings were in an active state of growth when deflasked for the 
majority of seedlings to maintain a green leaf and continue leaf growth.  Deflasking of 
seedlings from cellulose sponge was very successful, with leaf growth continuing prior to 
dormancy, as shown by seedlings of the threatened species A. fulva and A. hastata (Exp. 6A).  
Survival and continued growth after deflasking are possibly factors related to reducing 
transplant shock.  Seedlings deflasked from aerated substrates and directly from germination 
plates were easily planted, complete with the substrate or filter paper, and this reduced 
breakage of root hairs and kept most of the orchid-fungus connections intact.  Seedlings 
growing actively at deflasking kept growing and the traditional losses upon deflasking seen 
with agar (Dixon, 1989; Hicks, 2000) were avoided.  Similarly, Sweet Potato (Ipomoea 
batatus L. (Lam), cv. Beniazuma) deflasked from ‘Florialite’ (vermiculite/cellulose fibre) and 
‘Sorbarod’ (cellulose plug) showed greater acclimatisation percentage when compared with 
agar-based media (Afreen-Zobayed et al., 1999).  Afreen-Zobayed et al. (1999) suggested the 
greater survival was because root development was more extensive in these aerated substrates, 
leading to greater uptake of water and minerals upon deflasking.  The extensive network of 
root hairs in the scoria/rice hulls mixture shows that this substrate has great potential.  A more 
systematic comparison between agar and aerated substrates is required for terrestrial orchids, 
with all deflasked seedlings in a state of active growth.  The use of a more easily germinated 
species of Arachnorchis would be necessary to provide sufficient seedlings to make the 
results unequivocal. 
 
It was probably the degree of development of seedlings that determined if a tuber was likely 
to form prior to dormancy.  Germination experiments should commence in early summer 
(Nov-Dec) if plants are to be deflasked prior to tuber formation.  This allows sufficient time 
for plants to be grown in vitro and then spend sufficient time in soil for tubers to form prior to 
dormancy.  Tuber formation and therefore re-emergence was greatly improved by growing 
seedlings for a longer period in vitro rather than deflasking directly from germination plates.  
Re-emergence averaged 11% when protocorms were deflasked directly from germination 
plates, compared with more than 32% when deflasked from a aerated substrate in vitro (Exp. 
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6).  However, an extra 2 months in soil did not encourage more tubers to develop when 
seedlings were deflasked from aerated substrates (Exp. 6A vs 6B) and the age of seedlings at 
deflasking did not appear to be important.  
 
4.4.4 Effect of potting medium 
The most successful soil mixture for the active growth phase of seedlings after dormancy was 
the RBG terrestrial orchid mix.  It provided a free-draining, open mix, but care needed to be 
exercised that it did not dry out fully during periods of active growth, as the soil mix was 
difficult to remoisten.  Potting mixes based on sand and/or composted pine bark had similar 
survival, but plants did not thrive in 100% fine composted pine bark.  Seedlings were spindly 
and tubers were small when compared with seedlings growing in RBG terrestrial orchid mix 
or deep-mined silica sand mixes (Exp. 6A vs 6B).  Similar to using 100% deep-mined silica 
sand, it is likely that 100% fine composted pine bark was not optimal for the mycorrhizal 
fungus/orchid.  
 
Tuber production was greater from RBG terrestrial orchid mix, based on the mix developed 
by the Australian Native Orchid Society (ANOS) (Richards et al., 1988), than from soil mixes 
using deep-mined silica sand and/or composted pine bark (Exp.6A vs 6B).  Increased tuber 
production was possibly related to better nutrition of the orchid/fungus from the more 
complex RBG terrestrial orchid mix.  Soil mixes without an organic component resulted in 
possible nutrient deficiencies, as shown by yellow leaf bases (Exp. 6B).  Without an organic 
material to utilise, it is unlikely that the orchid was able to access (directly or by heterotrophy) 
the full range of nutrients required.  Soil mixes were difficult to test because seedling numbers 
were low, but survival and re-emergence from free-draining potting mixes such as RBG 
terrestrial orchid mix and sand/composted pine bark mixes were similar. 
 
Increased rotting of tubers was linked to the source of organic carbon and availability of 
moisture during the summer dormancy period.  Both factors were interrelated and probably 
increased the potential of pathogens to rot the tubers.  Potting mixes high in available carbon 
reduced tuber survival, and the more easily digestible the organic carbon was, the greater the 
extent of rotting.  Plants rotted when deflasked into potting mix containing an organic 
material such as oatmeal that was easily utilised by pathogens (Exp. 5B).  Survival in sand 
was improved when less easily digested organic material such as composted pine bark or 
eucalyptus mulch was included in the mix instead.  With moisture available during dormancy, 
potential soil pathogens can attack the resting tuber.  The presence of organic carbon in the 
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soil would benefit fungi endophytic with orchids, but would also benefit free-living 
pathogenic fungi, which might attack and rot tubers.  These pathogenic fungi could out-
compete the fungi endophytic with Arachnorchis species, particularly since known 
endophytes of Arachnorchis are slow-growing and difficult to isolate when other fungi are 
present (Warcup, 1971).  The greater survival and re-emergence of plants from deep-mined 
silica sand/Debco mixes than RBG terrestrial orchid mix was probably related to a reduction 
of organic matter.  Soils at the field sites never exceeded 1.7% organic carbon (Chapter 2).  It 
was probable that the growth of aggressive fungi and bacteria, capable of acting as the 
pathogens that caused tubers to rot, was not supported by this medium especially in view of 
the lack of moisture (rainfall) over summer.  The physical absence of these pathogens 
provided the tubers with protection over the dormant period.  Rotted tubers did occur when 
encased in pure sand, but only when the sand was waterlogged, providing an additional reason 
for not watering during dormancy.  To prevent waterlogging (Nash, 1970a, 1970b), it would 
be preferable to replace the fine, white, silica sand used in this study with a more freely-
draining coarse sand. 
 
It is suggested that potting mixes should have two layers: a top layer that is high in organic 
carbon, comprising materials such as bark or mulch that is slowly digested by fungi, and a 
bottom layer in which the tuber will be formed, of free-draining nutrient-poor sand.  The RBG 
terrestrial orchid mix was ideal for the vigour of the actively growing plant during the times 
when the mycorrhizal fungus was most active.  It is suggested that the RBG terrestrial orchid 
mix, with its high organic content, is only required in the top 3-4 cm of soil where the 
mycorrhizal fungus was located.  Nash (1970a) suggested that for successful potted culture of 
Arachnorchis the tuber must be maintained in an area free of organic material.  A layer of 
nutrient-poor sand, to discourage the proliferation of pathogens during the dormant period, 
might achieve this.  
 
4.4.5 Availability of moisture 
It is suggested that watering of pots should not occur until late March or early April after 
dormancy, but shortly prior to the emergence of the leaf.  The reasons for this are two-fold.  
Firstly, the absence of moisture during the dormancy period would prevent pathogenic attack 
on the tuber.  Secondly, tubers, with their stored water supply, are capable of reactivating and 
producing a shoot prior to watering recommencing.  With a reactivated defence system, 
orchid seedlings could respond to pathogens now active because of the availability of 
moisture. 
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Free drainage in the potting mix was essential to lowering the availability of moisture during 
tuber dormancy and that was why the various potting mixes tested here had been selected.  
Rotting of tubers was probably related to overwatering.  The RBG terrestrial orchid mix was 
prone to drying out on the surface of the pot and gave the false impression that the pot needed 
watering.  Smaller-sized particles of soil mix migrated lower in the pot profile and held more 
moisture at depth.  Watering of the dry surface probably led to over-watering at depth and 
pathogen attack of the tubers.  While the orchids were actively-growing they were probably 
relatively robust against attack, but during dormancy the tuber eventually succumbed to 
pathogens, particularly when moisture was available.  This was probably why up to 60% of 
tubers died (Exp. 6b A. fulva) when RBG terrestrial orchid mix was used.  
 
The difference in re-emergence rates between 2000 and 2001 was also probably due to 
overwatering.  Re-emergence of Arachnorchis seedlings in 2000 averaged 61%, while re-
emergence of Arachnorchis seedlings in 2001 averaged 32%.  Trays of seedlings in the 
nursery over the summer of 2000/2001 were noted as too moist, prompting the erection of “do 
not water” signs.  This action had been unnecessary for the summer of 1999/2000 when only 
staff experienced with dormant terrestrial orchids watered the shadehouses over summer.  
Evidence of rotted tubers supports this claim, with losses of 60% of formed tubers from A. 
fulva (Exp. 6) and up to 79% of formed tubers from A. tentaculata (Exp. 2b).  Also, the only 
tubers of A. tentaculata in one pot of RBG terrestrial orchid mix to survive the summer of 
2002/03 were those sitting on the surface of the soil.  These tubers, of various diameters, were 
at serious risk of desiccation, but they survived.  This observation suggested that attack by 
pathogens due to overwatering was more likely to cause the death of tubers than desiccation, 
to which the tuber structure is adapted. Threatened or common species of Arachnorchis were 
equally susceptible to tubers rotting. 
 
In later years, a potted collection of mature tubers (not reported in Results) appeared to 
survive dormancy better if no watering at all was given during dormancy or when tubers were 
encased in a small region of fine, pure silica sand.  Communal pots of A. fulva and A. venusta 
have been maintained for 4 years with no obvious loss of plants by preventing watering when 
tubers were dormant (pots covered).  It is therefore recommended that future trials use a free-
draining potting mix and avoid watering during tuber dormancy. 
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Survival of symbiotic seedlings in the garden bed may also have been linked to watering 
regimes.  Seedlings in the first season recorded an overall survival of 80% re-emergence the 
following autumn.  By contrast, Rubluo et al. (1989) succeeded in obtaining only 15% 
survival of asymbiotic plants of the Mexican terrestrial orchid Bletia urbana Dressler after 
one year in the field.  Survival of Arachnorchis plants 2 years after transfer to the garden bed 
mirrored the first year results of Rubluo et al. (1989), with only 15% of plants visible above-
ground.  The loss of some plants might have been linked to tubers rotting (Exp. 7) because 
summer watering of lawns in the area also indirectly watered the trial garden bed as well.  For 
this reason, it is recommended that any planting out of Arachnorchis should be into garden 
beds that avoid the adjacent areas being watered over summer, or that plants are tested in a 
bush environment with only natural rainfall during summer. 
 
4.4.6 Effect of species 
Seedlings of rarer species behaved similarly to the common A. tentaculata in vitro and upon 
deflasking, confirming that methods tested on common species are appropriate for threatened 
species as well.  Deflasking was successful for a range of threatened species (Exp. 6A) and 
the proportion of re-emerged plants was similar to that of common species.  Results were 
dominated by experiments using A. tentaculata seedlings and this was directly related to the 
number of seedlings germinated (Chapter 3).  Similarly many seedlings of G. major were 
produced, as a result of high germination, but the results using G. major in Experiment 4 are 
not truly comparable with those of the Arachnorchis seedlings.  This is because fungus 
CALAPHAER18 from A. phaeoclavia was used to germinate G. major seed (Exp. 4), whereas 
the Arachnorchis seedlings were germinated using a fungus from the same species as the 
seed.  The symbiosis with seedlings of G. major failed at advanced Stage 4 seedlings prior to 
deflasking.  Since this cross-species inoculation failed at Stage 4 of development it appears 
that specificity might still be operating, but is not enacted until later in the orchid’s 
development.   
 
 
4.4.7 Summary 
Major losses of seedlings at deflasking were overcome, but further work is needed to 
concentrate on promoting tuber production and re-emergence of seedlings after summer 
dormancy.  Successful deflasking and culture of Arachnorchis seedlings appears to be 
dependent on several factors.  A minimum period of time in vitro was beneficial to advancing 
seedling development.  Seedlings must be deflasked from the in vitro substrate in a state of 
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active growth.  This state of active growth appeared more important to survival after 
deflasking than was the type of in vitro substrate from which the seedling was deflasked.  The 
RBG terrestrial orchid mix resulted in more tubers being formed than soil mixes of deep-
mined silica sand and composted pine bark.  For best results, deflasking should occur in 
autumn, coinciding with the start of the active growing period in the external environment.  A 
fog tent, for slowly lowering humidity, was believed to be useful for maintaining humidity 
when seedlings were recently deflasked, but no critical experiments were conducted.  
However, losses from this critical phase could be as low as 0-18% (Exp. 6 and 7) when these 
conditions were used. 
 
Deflasked seedlings were relatively robust while in the active growth phase, but great care 
had to be taken with the onset of dormancy, as most deaths occurred from lack of tuber 
formation or tuber rotting (Exp. 6 and 7).  Inappropriate watering during dormancy was 
probably responsible for large numbers of seedling deaths, when the tubers rotted.  Tubers of 
mature plants appeared to survive best when no watering was given from December to early 
March or they were encased in a layer of sand that was lacking in both nutrients and carbon.  
Such an environment probably prevented the proliferation of pathogenic fungi around the 
dormant tuber, while a layer of carbon-rich medium in the top 3-4 cm would provide 
sufficient nutrition for the mycorrhizal fungus and the orchid when watering recommenced. 
 
This chapter concludes the examination of the orchid plant. The following chapter examines 
the fungal partner of these orchids in more detail in an attempt to describe and identify these 
fungi.  The experiments described in the next chapter were designed to: 
1) describe, using culture morphology and light microscopy, mycorrhizal fungi from a range 
of Arachnorchis species,  
2) attempt to cause the sporulation of mycorrhizal fungi from a range of Arachnorchis 
species. 
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5.1 INTRODUCTION 
 
Fungi isolated from Arachnorchis orchids usually formed slow-growing cultures with hyaline 
hyphae (Warcup, 1971; Warcup and Talbot, 1967). These fungi were said to belong to the 
group Rhizoctonia.  Rhizoctonia fungi, including those associated with orchids, are 
notoriously difficult to identify to species level (Moore, 1987; Tu and Kimbrough, 1975).  
This is because they very rarely sporulate in culture and, traditionally, fungal identification 
uses morphological characters of sexual and asexual reproductive structures (Barnett and 
Hunter, 1999).  Many rhizoctonias are only known from their anamorphs (asexual form), but 
when the teleomorph (sexual form) is described, it is often given a separate name.  For 
example, Rhizoctonia solani Kühn has the teleomorph Thanatephorus cucumeris (Frank) 
Donk.  Andersen and Stalpers (1994) reviewed the status of all Rhizoctonia epithets and 
clarified validly published taxa, since many names had been published invalidly.   
 
5.1.1 Rhizoctonia identification by morphology 
Rhizoctonias must be able to infect living plants and produce sclerotia (Fig. 5.1) (DeCandolle, 
1815 cited in Andersen and Stalpers, 1994).  Sclerotia from rhizoctonias generally consist of 
hyphae and monilioid cells (short, broad cells connected in chains) clumped together, and 
vary from a loosely interwoven structure with no distinct zones to a more dense structure with 
outer sclerotial cells forming a primitive marginal rind (Tu and Kimbrough, 1975).  
 
The mycelia of rhizoctonias are sterile.  Based on septal morphology and nuclei number, 
Moore (1987) separated variation within basidiomycetous Rhizoctonia sensu lato into the 
following anamorphic form-genera: Rhizoctonia sensu stricto, Epulorhiza, Ceratorhiza and 
Moniliopsis (Table 5.1).  Rhizoctonia sensu stricto has simple pores, whereas Epulorhiza (bi-
nucleate), Ceratorhiza (bi-nucleate) and Moniliopsis (multinucleate) have dolipore septa with 
adjacent parenthosomes (Moore and McAlear, 1962) with varying degrees of perforation.  
According to Moore (1987), teleomorphs for these form-genera belonged in Helicobasidium, 
Tulasnella/Sebacina, Ceratobasidium and Thanatephorus/Waitea.  However, the number of 
nuclei varies, with strains of Sebacina having uni-, bi- and multinucleate hyphae (Williams 
and Thilo, 1989).   
 
Using Moore’s new genera and other information, Currah and Zelmer (1992) created a key to 
Rhizoctonia fungi associated with orchids.  Genera and associated diagnostic characters were 
clarified, allowing the identification of 15 basidiomycetous fungi commonly isolated from the 
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mycorrhizas of orchids.  Included in this key were Epulorhiza, Moniliopsis, Ceratobasidium, 
Sebacina, Thanatephorus and Tulasnella (Currah and Zelmer, 1992). Andersen (1996) 
determined that hyphae, monilioid cells, sclerotia, number of nuclei per cell and the 
ultrastructure of the pore were important structures and characters for identification purposes, 
but that other characters could vary with the media (Andersen, 1990). Saksena and Vaartaja 
(1960) had earlier suggested that the morphology of monilioid cells was characteristic for 
each species of Rhizoctonia.  Andersen (1996) included a restriction fragment length 
polymorphism (RFLP) analysis of selected fungi and found that Rhizoctonia sensu stricto was 
a well-delimited group, Epulorhiza should be confined to Tulasnella anamorphs, and that 
Ceratorhiza and Moniliopsis, although indistinguishable from each other on most characters, 
could be distinguished on nuclei number.  Sebacina strains were distinct on pore ultrastructure 
and Waitea had characteristic sclerotia and RFLP patterns.  As a result of these differences, 
Andersen (1996) recommended the erection of two new anamorphic form-genera for 
Sebacina and Waitea, but only after further comparative studies are conducted of other related 
genera. 
 
 
5.1.2 Alternative means of identification 
Gross appearance of the fungal colony on a range of media can be used as an aid to 
identification, but a better aid to studying this group of fungi was to compare anastomosis 
groupings (Ramsay et al., 1987; Cubeta et al., 1991).  Fungal isolates that were genetically 
similar were able to fuse with each other and intermingle, whereas genetically distinct isolates 
would not fuse.  However, fungi isolated from orchids, for example Pterostylis, could belong 
to more than one anastomosis group (Ramsay et al., 1987) and appeared to be related to the 
ecology of the site.  One anastomosis group was only found in orchids growing in plantations 
of Pinus radiata.  Also, biochemical analyses such as enzymatic activity can be used to group 
isolates (Mordue et al., 1989), for example, the production of black pigment, suggesting 
phenol oxidase activity. 
 
Murray (1982) successfully fruited Rhizoctonia solani in the laboratory, but Ramsay et al. 
(1987) were unable to produce basidial structures in fungi isolated from Australian terrestrial 
orchids, including Pterostylis and fungi isolated from Arachnorchis.  Yamamoto and Uchida 
(1982) studied the number of nuclei in Rhizoctonia solani and related fungi using Safranin O 
and acridine orange.  They found that both stains were excellent for staining the nuclei of 
rhizoctonia fungi, although acridine orange required a fluorescence microscope.  They also 
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recommended staining young hyphae, less than 7 days old, since older fungi became highly 
vacuolated and the nuclei stained poorly. 
 
5.1.3 Sebacina vermifera 
Oberwinkler originally described Sebacina vermifera from Bavaria in 1964 as intrahymenial 
in Uthatobasidium fusisporum (Shroet.) Donk on rotten wood (cited in Warcup and Talbot, 
1967).  Currah and Zelmer (1992) note that it is the only Sebacina species to be confirmed as 
an orchid mycorrhizal endophyte.  Sebacina vermifera has been identified as endophytic with 
Arachnorchis and related orchids e.g. Glossodia and Eriochilus (Warcup and Talbot, 1967; 
Warcup, 1971), Acianthus reniformis (R.Br.) Schlechter, Microtis unifolia (Forst.f.) Reichb.f. 
(Warcup and Talbot, 1967; Warcup, 1981) and with non-orchidaceous plants, for example 
Phyllanthus calycinus Labill. (Euphorbiaceae) (Warcup, 1988).  Species of Sebacinaceae are 
common ectomycorrhizal associates of E. marginata (Glen et al., 2002) and isolates of S. 
vermifera form ectomycorrhizas on Melaleuca uncinata (Myrtaceae) (Warcup, 1988).  
Sebacinaceous species might be more common than originally thought since recent direct 
PCR studies have identified sebacinas from 11 of 15 roots of the ericoid Gaultheria shallon, 
but no sebacinas were identified from root cultures (Allen et al., 2003), suggesting that these 
fungi are difficult to isolate and maintain in culture.  These sebacinas were most closely 
related to S. vermifera. 
 
Fungi from Arachnorchis plants were most regularly identified as Sebacina vermifera, but 
Tulasnella calospora and a species of Hyphodontia were also isolated (Warcup, 1971).  
Sebacina vermifera forms a hyaline culture with very fine 1.5-4 µm wide hyphae and 
subglobose monilioid cells (Warcup and Talbot, 1967).  Anamorphs of S. vermifera belong to 
Epulorhiza (Moore, 1987), but according to Andersen (1996) should probably belong to a 
new, as yet unnamed form-genus.  Williams and Thilo (1989) noted that S. vermifera differed 
from three other species of Sebacina in the ultrastructure of the pore by having a disc-like cap 
rather than dome-shaped.  They also noted that the S. vermifera fungi were all multinucleate 
whereas the other Sebacina species were binucleate.  A later revision of Sebacina and related 
fungi has placed Sebacina vermifera in a different genus, as Serendipita vermifera P. Roberts 
(1993).   
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5.1.5 Aims 
This chapter examines morphological and growth characteristics of fungi isolated from 
Arachnorchis plants and used in experiments on germination in Chapter 3, both germinating 
and non-germinating fungi, to determine if they could be broadly grouped and identified on 
morphology to previously described species.  Despite the limitations of some of the 
techniques that were described, this chapter sought to do the following: 
 
1) describe, using culture morphology and light microscopy, mycorrhizal fungi from a range 
of Arachnorchis species,  
2) attempt to cause the sporulation of mycorrhizal fungi from a range of Arachnorchis 
species, 
 
prior to the use of molecular taxonomy in Chapter 6. 
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5.2 MATERIALS AND METHODS 
 
5.2.1 Microscopic examination of fungal pelotons and hyphae 
Light microscopy-pelotons 
Pelotons were extracted from a range of species (Table 5.2) following a method modified 
from Clements and Ellyard (1979) as described in Chapter 3, 3.2.1.  Briefly, a surface-
sterilised orchid collar was longitudinally dissected and pelotons were scraped from the 
orchid cells using a flamed mounted needle.  Pelotons were removed by sterile glass pipette 
onto a glass slide and a cover-slip was added. Transverse sections of the collar were also 
prepared by slicing with a scalpel blade and mounting in water on a glass slide.  Prepared 
slides were viewed without staining and photographed, using a Nikon Eclipse E600 
compound microscope with a Nikon H-III photographic system and Nikon FDX-35 camera. 
 
Growth rate 
Fungi were subcultured onto FIM or oatmeal agar (Table 5.3) by transferring a 3 mm x 3 mm 
square of actively-growing hyphae.  Petri dishes were sealed and stored at room temperature 
in an opaque lidded plastic container.  Cultures were measured weekly for 21 days.  The 
radius of each fungal culture was measured in two directions and the mean was recorded.  The 
average rate of radial expansion was calculated for the 21-day period.  Standard error was 
calculated when three or more peloton isolates represented a sample. 
 
Light microscopy-hyphae 
For examination of morphology by light microscopy, cubes of agar containing hyphae were 
excised directly from active cultures [grown on oatmeal or tap water agar (Table 5.3)] or 
stored for later examination in either 50% ethanol (v/v) or 2.5% glutaraldehyde in 0.1 M 
phosphate buffer, pH 7.0.  Fungi were also examined directly from liquid cultures (section 
2.5.1.1).  Chlorozol black E is a reliable stain for studying hyphal morphology (Brundrett et 
al., 1984).  The stain was prepared according to Brundrett et al. (1984) as follows.  Equal 
volumes of 80% lactic acid, glycerine and distilled water were mixed with gentle heating.  In 
a fumehood, chlorozol black E (0.1% w/v) was added.  Undissolved particles were allowed to 
settle prior to using.  The same microscope and photographic system was used as for peloton 
examination. 
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Table 5.2 Species of orchid from which fungal cultures were extracted and grown from 
pelotons. 
 
Species Systematic 
group 
Collar code Collection 
site 
Lat.oS/Long.oE Collection 
date 
(dd/mm/yyyy) 
 
     
A. amoena A. dilatata CALAAMOER36* Wattleglen 37o39’/145o10’ 02.11.2000 
 
     
A. phaeoclavia 
 CALAPHAER13* St Andrews 37o36’09”/145o16’39” 07.09.1999 
 
 CALAPHAER18* Wartook 37o02’37”/142o17’56” 14.11.1999 
 
 CALAPHAER21 Wartook  14.05.2000 
 
 CALAPHAER25 Wartook  22.05.2000 
 
     
A. tentaculata 
 CALATENTR1 Inverleigh 38o03’08”/144o01’56” 17.06.1999 
 
 CALATENTR2 Inverleigh  17.06.1999 
 
 CALATENTR15* Mt Sturgeon 37o37’37”/142o19’33” 01.11.1999 
 
 CALATENTR16 Inverleigh  03.11.1999 
 
 CALATENTR17* Wartook 37o02’37”/142o17’56” 14.11.1999 
 
     
 
     
A. clavigera A. clavigera CALACLAVR12 St. Andrews 37o36’09”/145o16’39” 07.09.1999 
 
     
 
     
A. fulva A. patersonii CALAFULVR3 Deep Lead 37o02’67”/142o45’21” 28.06.1999 
 
 CALAFULVR4 Deep Lead  28.06.1999 
 
 CALAFULVR22 Deep Lead  14.05.2000 
 
 CALAFULVR26 Deep Lead  22.05.2000 
 
 CALAFULVR27 Deep Lead  02.07.2000 
 
 CALAFULVR28* Deep Lead  06.09.2000 
 
 CALAFULVR29* Deep Lead  06.09.2000 
 
     
A. venusta 
 CALATENTR8 Anglesea 38o22’52”/144o12’19” 04.07.1999 
 
 CALATENTR9 Anglesea  04.07.1999 
 
     
 
     
A. hastata A. reticulata CALAHASTR37 Portland 38o23’25”/141o38’23” 01.11.2000 
 
 CALAHASTR38 Portland  01.11.2000 
 
     
A. robinsonii 
 CALAROBNR11 Rosebud 38o22’44”/144o54’16” 20.07.1999 
      
      
Glossodia major 
 GLOSMAJOR24 Deep Lead 37o02’67”/142o45’21” 14.05.2000 
      
* these plants had a bud or flower 
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Table 5.3 Media used for growing fungal cultures 
 
Ingredient Amount (g) 
 
Fungal Isolating medium (FIM) 
(Modified from Clements & Ellyard 1979)  modified originally 
Sodium nitrate  NaNO3 0.5 0.3 
Magnesium sulphate MgSO4.7H2O 0.1 0.1 
Potassium chloride  KCl 0.1 0.1 
Potassium phosphate KH2PO4 0.2 0.2 
Sucrose 5.0 5.0 
Yeast extract (Sigma) 0.1 0.1 
Agar (Sigma) 8.0-10.0 10.0-12.0 
Deionised water Made up to 1000 ml Made up to 1000 ml 
  
 
Modified Potato Dextrose Agar 
(Modified from http://www.cabi-
bioscience.org/guidelines.asp) 
  
Potatoes (boiled with skins) 200 200 
Dextrose 0 15 
Sucrose 10 0 
Agar (Sigma) 10 20 
Tap water 1000 ml 1000 ml 
   
Tap water agar   
Agar 10.0  
Tap water Made up to 1000 ml  
   
Oatmeal medium  
(Modified from Warcup 1981) 
Sucrose 10.0 0 
Ground oatmeal 2.5 2.5 
Yeast extract 0.1 0 
Agar 10.0 12.0 
Deionised water Made up to 1000 ml Made up to 1000 ml 
 
Oatmeal yeast medium 
(Modified from Murray 1982) 
  
Dextrose 0 3.75 
Sucrose 3.75 0 
Dehydrated potato 0 7.5 
Ground oatmeal 7.5 0 
Marmite 0 20.0 
Yeast extract 20.0 0 
Agar 10.0 10.0 
Deionised water Made up to 500 ml Made up to 500 ml 
   
Sucrose yeast medium 
(Modified from Murray 1982) 
  
Dextrose 0 6.25 
Sucrose 6.25 0 
Marmite 0 12.5 
Yeast extract 12.5 0 
Agar 10.0 10.0 
Deionised water Made up to 500 ml Made up to 500 ml 
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Slide culture 
Another method used for observing hyphal morphology was slide culture, in which hyphae 
were grown over a cover slip that had been dipped in 1% agar.  A cube of agar with hyphae 
was placed inside a glass Petri dish on a glass slide that was resting on a folded glass pipette 
bent after heating.  Two agar-coated cover slips, both resting on an edge of the agar cube, 
were used to bridge the gap between the agar cube and the glass slide.  Sterile water (5 mL) 
was added to the Petri dish to maintain humidity. The Petri dish was sealed using Parafilm®  
and placed in the dark.  A period of 3-4 weeks was necessary for the hyphae to grow across 
the coverslip.  Hyphae were stained using chlorozol black E and photographed. 
 
Electron microscopy 
For examination using scanning electron microscopy, hyphae free of agar, from the surface of 
culture plates or from liquid culture (Table 5.3), were fixed by immersion in freshly prepared 
fixative (2.5% (v/v) glutaraldehyde in 0.1 M phosphate buffer (pH 7)) for a minimum of 48 h 
at 4oC.  Unless stated otherwise, all further steps were performed at room temperature.  
Material was transferred to mini wire baskets, rinsed four times for 15 minutes each in 0.1 M 
phosphate buffer (pH 7) and dehydrated using an ethanol series (10%, 25%, 50%, 75%, 90% 
(v/v) and 100% technical ethanol) with 15 min in each solution.  The specimens were finally 
placed in 100% ethanol (absolute ethanol dried over a molecular sieve) for two changes of 15 
min each and critical point dried.   
 
Specimens were mounted onto double-sided carbon tabs on aluminium stubs and sputter-
coated with gold for 120 s using an SP-1- Module Sputter Coater.  Specimens were stored 
over desiccant until viewed with a Philips XL-30 Scanning Electron Microscope using an 
accelerating voltage of 20 kV and a spot size of 5.  Digital images were recorded and stored 
on file. 
 
Fungal nuclei 
Safranin O was used as a non-fluorescent stain for examining the number of nuclei in fungal 
cultures obtained from Arachnorchis by the method of staining of Bandoni (1979).  The 
solution of Safranin O contained 0.03% (w/v) Safranin O, 0.3% (w/v) KOH and 5% glycerol 
(v/v) in distilled water.  Only actively-growing hyphae were stained.  Nuclei were viewed and 
photographed using the same Nikon Eclipse E600 compound microscope and photographic 
system as previously described. 
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5.2.2 Purification of fungal cultures 
When cultures appeared to contain more than one fungus, purification was attempted using 
hyphal tips.  Cultures were initially grown on nutrient poor Tap Water Agar (TWA) (Table 
5.3) to encourage the hyphae to spread out across the surface of the agar.  Hyphal tips were 
cut using a sterile scalpel blade while being viewed with a dissecting microscope in a laminar 
flow cabinet.  These individual hyphal tips were removed using sterile glass pipettes extruded 
to an extremely fine point and then heated to create a small ball on the tip.  The ball prevented 
hyphal segments from being further fragmented.  These tips were transferred to either FIM or 
modified PDA (Table 5.3) incorporating agar at 8 g/L. 
 
Clusters of monilioid cells from an aged culture were harvested and then diluted in sterile 
deionised water.  This suspension was spread onto the surface of an agar plate and examined 
for germinating monilioid cells.  Individual germinating cells were removed from the plate 
and grown as separate cultures. 
 
Cultures on oatmeal agar were dissected into 10mm cubes and four pieces per glass vial were 
stored in sterile water.  These fungi were lodged with the National Herbarium, Melbourne 
Australia as a future reference. 
 
5.2.3 Induction of a teleomorph 
Fungi isolated from Arachnorchis plants using methods previously described (Chapter 3, sect. 
3.2.1) were grown on oatmeal medium containing sucrose and on two media containing a 
high content of yeast extract (Table 5.3) in an attempt to encourage sporulation of cultures 
(Murray, 1982).  Briefly, fungi were grown on oatmeal medium, or on the media containing a 
high content of yeast extract, for 3 days and then a cube (1 mm3) was cut from the advancing 
hyphal front and placed on Tap Water Agar.  Petri dishes were sealed with Parafilm® and 
placed in diffuse light on a benchtop in the laboratory at room temperature.  Cultures were 
examined for fructifications after 17-21 days. 
 
Cultures were stained in situ (Murray, 1982) with trypan blue by pipetting a drop of stain 
directly onto the surface of the culture, then were covered with a coverslip and photographed 
as before. 
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5.3 RESULTS 
 
5.3.1 Examination of peloton structures 
The same basic structure was evident in all orchid collars examined.  Pelotons appeared most 
concentrated in the cells adjacent to rhizoids (Fig 5.2 A) and were only present in cortex cells 
exterior to a region of cells with distinct cell wall thickenings (Fig 5.2 B).  All collars 
examined had a proportion of orchid cells with a densely packed central core of irregularly 
shaped material.  Other cells contained “healthy” pelotons with distinct layers of tubular 
hyphae, with or without monilioid cells. 
 
Several types of peloton structure were observed when orchid collars were dissected.  Some 
pelotons formed compact, uniform structures (Fig. 5.3 A) of tubular hyphae.  Other pelotons 
from the same orchid showed an area that was dense and irregularly shaped surrounded by 
less dense material (hyphae) (Fig. 5.3 B).  Many orchid cells also contained similar 
compacted material, possibly hyphae, but with no outer layer of hyphae present (Fig. 5.3 C).  
There were also pelotons of loosely woven, larger diameter hyphae (Fig 5.3 D), without 
obvious monilioid cells, from collars that contained pelotons made of hyphae of smaller 
diameter.  
 
The morphology of the hyphae that made up these pelotons appeared to differ between and 
within different species of orchid at the light microscope level.  The pelotons from A. 
tentaculata were more often made of fine hyphae resulting in denser and more uniform 
looking pelotons (Fig. 5.4 A, B) when compared with those from A. fulva.  However, there 
were some orchid cells of A. tentaculata with a covering of hyphae that were of larger 
diameter than the hyphae that made up pelotons (Fig 5.4 B).  The pelotons from A. fulva were 
sometimes made of fine, straight hyphae (Fig. 5.4 C), but were more often made of hyphae 
with a high composition of monilioid cells, resulting in more random, loosely formed pelotons 
(Fig. 5.4 D, E). 
 
Pelotons even from the same orchid collar varied morphologically (Fig. 5.5).  Some pelotons 
were predominantly composed of monilioid cells, while others were constructed of straight 
hyphae, giving a more uniform and compact look to the peloton.  Pelotons cultured on the 
same plate of agar either grew into each other or ceased to grow when within a few 
millimetres of each other (Fig. 5.6).  This behaviour was most obvious with fungal cultures  
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Figure 5.2 Internal structure of the orchid collar. 
 
A) Distribution of pelotons (arrows) within an Arachnorchis tentaculata collar 
(September isolation).  R = rhizoid attachment points.  Scale bar = 1.5 mm,  
 
B) Close-up of Arachnorchis tentaculata cells within the collar, with distinct 
cell wall thickenings. Scale bar = 200 µm. 
 
R 
R R 
R 
R 
B. 
A. 
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Figure 5.3 Peloton structures.  Scale bars for A-C= 0.25 mm. Scale bar for D = 0.5 mm. 
 
A) Uniform pelotons from an Arachnorchis tentaculata collar (September 
isolation),  
 
B) Peloton from the same collar as “A” showing a compacted hyphal mass 
surrounded by a less dense layer of hyphae 
 
C) Compacted pelotons from the same Arachnorchis tentaculata collar as in A 
and B; 
 
D) Peloton isolated from Arachnorchis fulva showing a loosely woven peloton 
(September isolation). 
C. D. 
A. B. 
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Figure 5.4 Differences in pelotons from the same orchid collar.  All scale bars = 0.25 mm. 
 
A) Uniform pelotons from an Arachnorchis tentaculata collar. Core (X) has 
separated from the smaller peloton,  
 
B) Peloton from the same collar as “A” showing an orchid cell (arrow) covered 
by a large diameter fungus, 
 
C) Peloton from an Arachnorchis fulva collar dominated by fine straight 
hyphae, 
 
D, E) Pelotons from the same collar as “C” showing pelotons with hyphae 
dominated by monilioid cells (arrows). 
A. B. 
C. D. E. 
X 
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Figure 5.5 Two pelotons (A and B) from the same collar of Arachnorchis fulva showing 
different hyphal densities and abundance of monilioid cells. Scale bar = 100 
µm. 
 
 
 
 
 
 
 
Figure 5.6 Original “mother plate” of Arachnorchis robinsonii (CALAROBNR11) 
showing growth of individual pelotons into separate colonies on FIM.  Petri 
dish diameter of 9 cm.  Black arrowheads indicate boundary between 
“genetically distinct” anastomosis groups, white arrow head indicates a merged 
boundary and “genetically similar” anastomosis groups. 
monilioid cells A. 
B. 
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from A. robinsonii.  Pelotons from other species grew into each other without the 
development of distinct boundaries.  Cultures from different species of orchid were not tested 
against one another for compatibility. 
 
Culture of single hyphal tips was unsuccessful.  Hyphal tips were successfully removed and 
replated, but no further growth occurred, even when sections of 0.5-1 cm were transferred.  
Culture of monilioid cells was successful.  In most cases, the majority of monilioid cells 
germinated and expansion of the new colony was rapid.  The main difficulty in culturing 
monilioid cells was separating clusters into individual cells to reduce the number of nuclei 
with potentially different DNA (parasexuality).  Fungal culture CALAPHAER18 SHTX 
resulted from a single cell.   
 
5.3.2 Morphological characterisation of fungal cultures 
Four morphologically distinct groups of fungi (A-D) were obtained from 22 collar isolations 
of pelotons from adult orchids (Table 5.4).  The main distinctions among cultures were the 
presence or absence of monilioid cells, the morphology that these clusters of monilioid cells 
presented and the form of growth that hyphae exhibited.  However, many cultures appeared to 
share characteristics from more than one group. 
 
Group A fungi (Fig. 5.7) (Table 5.4), originated from A. phaeoclavia and A. tentaculata 
plants.  These fungi were hyaline and grew over the surface as well as within the agar.  The 
surface of the culture was matt-waxy (Fig. 5.7 A).  Aerial hyphae were present, but sparse and 
with characteristic, extremely fine (1-2 µm) hyphae producing copious amounts of monilioid 
cells that had a snowy-white, loosely woven appearance and formed clusters free of the agar 
surface (Fig. 5.7 B).  Other clusters of monilioid cells tended to form submerged sclerotia 
interconnected by hyphae (Fig. 5.7 C).  Monilioid cells were ovoid-pyriform (Fig. 5.7 D).  
Hyphae branched frequently almost at right angles (Fig. 5.7 E) forming a mat-like culture 
with rapid development of clusters of monilioid cells.  Straight hyphae were 1-2 µm in 
diameter while monilioid cells were up to 5 µm in diameter (Fig. 5.7 F).  Group A fungi were 
relatively slow-growing, but radial expansion was variable among cultures (Table 5.5).  On 
FIM, Group A cultures averaged 3.8 mm/week increase in radius, whereas this ranged from 
6.8 to 13.8 mm/week on oatmeal agar, depending on the culture.  
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Table 5.4 Grouping of fungal cultures based on culture morphology. 
 
Species Systematic group Collar code Fungal group# 
 
   
A. amoena A. dilatata CALAAMOER36* B/A 
 
   
A. phaeoclavia 
 CALAPHAER13* A 
 
 CALAPHAER18* A 
 
 CALAPHAER21 A 
 
 CALAPHAER25 A 
 
   
A. tentaculata 
 CALATENTR1 A 
 
 CALATENTR2 B 
 
 CALATENTR15* A 
 
 CALATENTR16 B 
 
 CALATENTR17* A 
 
   
 
   
A. clavigera A. clavigera CALACLAVR12 C/A 
 
   
 
   
A. fulva A. patersonii CALAFULVR3 B 
 
 CALAFULVR4 B 
 
 CALAFULVR22 B/A 
 
 CALAFULVR26 B/A 
 
 CALAFULVR27 B/A 
 
 CALAFULVR28* B/A 
 
 CALAFULVR29* B/A 
 
   
A. venusta 
 CALAVENUR8 B/A 
 
 CALAVENUR9 B/A 
 
   
 
   
A. hastata A. reticulata CALAHASTR37 C/A 
 
 CALAHASTR38 C/A 
 
   
A. robinsonii 
 CALAROBNR11 D 
  CALAROBNR11(B) D/A 
* these plants had a bud or flower 
#B/A, C/A D/A signifies that characters from the first fungal group (ie B, C or D) dominated these 
cultures, but some areas of the culture showed Group A characters. 
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Table 5.5 Growth rates of selected fungal cultures.  Mean ± standard error. 
 
Culture Group Number of samples Radial expansion 
(mm/week) 
FIM 
   
CALAPHAER18 A 1 3.8 
CALAROBNR11(B) D/A 1 3.8 
CALATENTR1 A 14 3.8 ± 0.2 
CALATENTR2 B 13 3.7 ± 0.3 
CALAVENUR8 B/A 6 5.0 ± 0.8 
CALAVENUR9 B/A 10 4.6 ± 0.5 
 
   
OATS/S 
   
CALACLAVR12 C/A 1 17.5 
CALAFULVR3 B 3 7.7 ± 2.8 
CALAFULVR27 B/A 13 21.7 ± 0.6 
CALAFULVR28 B/A 4 23.2 ± 1.6 
CALAFULVR29 B/A 1 8.4 
CALATENTR1 A 8 13.8 ± 1.0 
CALATENTR15 A 3 10.6 ± 0.3 
CALATENTR17 A 11 6.8 ± 0.7 
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Figure 5.7 Group ‘A’ fungal cultures. 
 
A) CALATENTR15 2W12, 3 months on oatmeal agar, 9 cm Petri dish. 
B) Clusters of monilioid cells free of the oatmeal agar surface 3 months from subculture, 
CALAPHAER18.  Scale bar = 5 mm. 
C) Clusters of monilioid cells within and above the oatmeal agar 3 months from subculture, 
CALAPHAER18, lit from below.  Scale bar = 0.5 mm. 
D) Monilioid cells stained with Chorozol Black E, CALAPHAER18.   
Scale bar = 30 µm. 
E) Hyphal branching patterns, CALAPHAER18, 3 days growing on TWA, lit from below.  
Scale bar = 0.25 mm. 
F) Scanning electron micrograph of CALATENTR1, monilioid cells 3 months from 
subculture.  Scale bar = 10 µm. 
A. B. 
C. D. 
E. F. 
 351 
Fungal cultures in Group B usually originated from A. fulva, but two cultures 
(CALATENTR2 and CALATENTR16) came from A. tentaculata.  These cultures were 
hyaline (Fig. 5.8 A), but developed a creamy-ochre tinge [Munsell, 2.5Y (8/4-8/6)] with age 
(Fig. 5.8 B).  Hyphae grew within the agar as well as on the surface and produced monilioid 
cells.  Clusters of monilioid cells were compact and waxy, forming within and on top of the 
agar as hard, shiny, ochre-coloured [Munsell, 2.5Y (8/4-8/6)] sclerotia up to 5 mm in diameter 
(Fig 5.8 B).  Aerial hyphae were present but sparse.  Hyphal diameter ranged from 1-4 µm 
and hyphal “loops” were common (Fig. 5.8 C).  Monilioid cells were ovoid to globose (Fig 
5.8 D) rather than the more consistent pyriform of Group A cultures.  Group B cultures were 
also variable in radial expansion (Table 5.5), with some cultures appearing to share 
characteristics with Group A, cultures resulting in variable radial increase for a single culture.  
These cultures were isolated from A. amoena, A. fulva and A. venusta (Table 5.3).  On FIM, 
Group B and Group B/A cultures ranged from 3.7 to 5.0 mm/week increase in radius (Table 
5.5), whereas increase in radius ranged from 7.7 to 23.2 mm/week on oatmeal agar, depending 
on the culture.  
 
Group B/A cultures did not have uniform radial growth.  Some areas of the culture increased 
at a similar rate as Group B cultures, but other areas were slower, more similar to the growth 
of Group A cultures.  As a consequence, the leading edge of a fungal colony appeared jagged.  
These cultures had the creamy waxy appearance of Group A cultures, but the snowy-white 
clusters of monilioid cells were not produced.  Clusters of monilioid cells were compact and 
waxy like Group B cultures and creamy in colour.  Some cultures contained several types of 
monilioid cells (Fig. 5.8 D, E and F), in which the monilioid cells differed in shape and ability 
to absorb the Chlorozol Black E stain.  
 
Group C cultures (Fig. 5.9) originated from A. clavigera and A. hastata plants (Table 5.4).  
Growth of hyphae occurred within and on top of the agar, but the surface growth was 
dominant.  The surface of cultures was wavy with thick, rope-like ridges (Fig. 5.9 A).  
Hyphae grew together as a single off-white “rope” and this type of growth gave the 
appearance of striated hyphal strands.  This “film” of hyphae could be lifted from the surface 
of the agar, whereas other areas of the culture had a smoother more even waxy surface (Fig. 
5.9 B) that was submerged in the agar as well as aerial.  Monilioid cells and clusters were not 
often observed in actively-growing areas of hyphae, but densely coiled hyphae were often 
observed (Fig. 5.9 C).  The diameter of hyphae ranged from 2-4 µm (Fig. 5.9 C, E) and 
hyphae were infrequently branched (Fig. 5.9 D).  All of the cultures appeared to have some 
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Figure 5.8 Group ‘B’ and ‘B/A’ fungal cultures. 
 
A) CALAVENUR8 1.5 (Group B/A), 3 months on oatmeal agar, 9 cm Petri dish. 
B) CALAFULVR4 1.3 (Group B) sclerotia, oatmeal agar germination plate. Scale bar = 5 
mm. 
C) Hyphal branching patterns CALAFULVR4 1.3 (Group B), 3 days growing on TWA, lit 
from below. Scale bar = 100 µm.  Arrows indicate hyphal “loops”. 
D – F) Monilioid cells from liquid culture, stained with Chorozol Black E, CALAVENUR9 
2.2 (Group B/A). Scale bar = 30 µm. 
E. 
A. B. 
F. 
D. C. 
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Figure 5.9 Group ‘C’ fungal cultures. 
 
A) CALACLAVR12 1W5, 10 months on oatmeal agar. Scale bar = 1 cm. 
B) CALACLAVR12 5.2, 10 months on oatmeal agar. Sclerotia present (arrows). Scale bar = 1 cm. 
C) CALACLAVR12 5.1, hyphal branching, 3 days on TWA, lit from below. Scale bar = 100 µm. 
Arrow = hyphal coils. 
D) CALACLAVR12 1W3, hyphal branching, 3 days on TWA, lit from below. Scale bar = 100 µm. 
E) CALAHASTR37 2.3W1, hyphal coils from liquid culture. Scale bar = 0.25 mm 
F) CALAHASTR38, monilioid cells from liquid culture stained with Chorozol Black E, Scale bar = 
30 µm. 
D. C. 
E. F. 
A. 
B. 
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similarities with Group A cultures, particularly the areas of submerged hyphal growth.  These 
cultures were difficult to maintain unless they were regularly subcultured every 3-5 weeks.  In 
the areas of the Petri dish where the culture was smooth and similar to a Group A culture, 
monilioid cells were more common and were characteristically globose (Fig. 5.9 F).  These 
cultures were some of the fastest growing cultures from Arachnorchis species, with radial 
increase of 17.5 mm/week on oatmeal agar (Table 5.5).   
 
Group D fungi were only isolated from the collar of A. robinsonii (Fig. 5.10) and appeared 
very different from cultures from other species of Arachnorchis.  Only one collar of A. 
robinsonii was collected because of the rarity of plants.  Cultures produced cream to white 
growth rings on oatmeal agar (Fig. 5.10 A and B).  The growth rings were less prominent 
when cultures were grown on FIM (Fig. 5.10 C).  Monilioid cells were present and varied in 
shape from globose to pyriform, but were only observed with a compound microscope at x100 
magnification (Fig. 5.10 D).  There were no fluffy or waxy aerial clusters.  Sclerotia were 
only observed in very old cultures (approximately 12 months) and these formed within and on 
top of the agar as hard, shiny, dark orange/ochre coloured [Munsell, 7.5YR 6/10] sclerotia up 
to 2 mm in diameter.  Aerial hyphae were not observed.  Hyphal diameter was 2-4 µm and 
hyphae were much branched (Fig. 5.10 E).  Hyphal coils were also observed in these cultures 
(Fig. 5.10 F).  Group D cultures were, in general, slow-growing.  One culture re-isolated from 
a protocorm grown in vitro (CALAROBNR11 B) took on some of the characteristics of 
Group A cultures.  The growth rings were less prominent and absent in some areas of the 
culture plate.  In the areas where growth rings were absent, the hyphae grew more quickly, 
similar to Group A cultures.  This differential growth rate lead to cultures with a jagged 
margin.  Radial growth for culture CALAROBNR11 B was 3.8 mm/week on FIM. 
 
5.3.3 Microscopic examination of cultures for nuclei 
Nuclei and septa were difficult to observe in all cultures, particularly because of the extremely 
fine nature of the hyphae.  Some nuclei were observed in slide cultures.  When septa could be 
distinguished, two or more nuclei were observed per cell.  Group A cultures usually possessed 
cells containing 2-3 nuclei whereas Group D cultures contained up to 5 nuclei per cell. 
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Figure 5.10 Group ‘D’ fungal cultures. 
 
A) CALAROBNR11, oatmeal agar, 9 cm Petri dish. 
B) CALAROBNR11, oatmeal agar, closeup. Scale bar = 5 mm. 
C) CALAROBNR11, FIM, 9 cm Petri dish 
D) Monilioid cells stained with Chorozol Black E, CALAROBNR11. Scale bar = 30 µm. 
E) Hyphal branching patterns, growing on TWA, lit from below. Scale bar = 100 µm. 
F) Hyphal branching patterns, growing on TWA, lit from below. Scale bar = 100 µm. 
E. F. 
D. 
C. 
A. 
B. 
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5.3.4 Induction of a teleomorph 
There was no evidence of sporulation after cultures were grown on the nutrient-poor TWA.  
Cultures on the high yeast medium grew more slowly than on oatmeal medium, and fungi 
were morphologically distinct (Fig 5.11).  Group A cultures were heaped and wrinkled in the 
oldest part of the cultures C whereas Group B/A cultures were smooth and flat (Fig. 5.11 C 
and D).  Group D cultures were lumpy (Fig. 5.11 E).  The culture GLOSMAJOR24 from a 
Glossodia major plant was included for comparison with Arachnorchis fungal isolates and 
appeared most similar to the Group B/A cultures (Fig. 5.11 F). 
 
The Group A cultures that were most similar to Group D cultures shared a similar slow 
growth rate.  However the Group A cultures most similar to Group B cultures grew more 
rapidly, but not as quickly as Group B cultures.  Group B, B/A (Fig. 5.10 C and D) and C 
cultures were indistinguishable when grown on high yeast medium.  Cultures were 
characterised by a rapid rate of growth with a very flat, smooth and shiny surface, with at 
most a slight rippling of the surface.  These very flat Group B and C cultures were isolated 
from A. fulva, A. venusta, A. clavigera, A. hastata and G. major plants. 
 
Group D cultures were slightly raised from the agar surface with a very lumpy texture (Fig. 
5.11 E).  There was also evidence of another, smoother form of growth at the edge of some 
cultures (Fig. 5.11 E).  These cultures were very slow to grow, similar to the rate found on 
other agar media.   
 
 
5.3.5 Reisolation of fungal cultures from protocorms and seed germination 
Regardless of the morphology of the original culture, the reisolation of pelotons from the 
protocorm resulted in a secondary culture that was always morphologically more similar to 
Group A cultures than to the original culture that germinated the seeds.  Group A cultures re-
isolated from protocorms of A. phaeoclavia and A. tentaculata were little different 
morphologically from the original cultures that germinated the seeds and germination rates 
were similar to the original cultures.  
 
The Group B and Group B/A cultures from species such as A. fulva and A. venusta 
germinated some seeds.  However, the cultures from A. fulva with similarities to Group A 
cultures germinated more seeds (0.2-5.8% vs 0) than the cultures from A. fulva that were more 
characteristic of Group B cultures (see Chapter 3, Table 3.7).  Group C cultures germinated 
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Figure 5.11 Fungal cultures grown on high yeast medium. All cultures were the same age 
and all scale bars = 1 cm. 
 
A) CALATENTR1 1.3 from A. tentaculata (Group A) 
B) CALAPHAER25 10.1 from A. phaeoclavia (Group A) 
C) CALAVENUR9 4.1 from A. venusta (Group B/A) 
D) CALAFULVR26 4.3 from A. fulva (Group B/A) 
E) CALAROBNR11 10W6 from A. robinsonii (Group D), note smooth area (arrowhead) 
F) GLOSMAJOR24 5.2 from Glossodia major (similar to Group B) 
 
A. 
D. 
E. 
B. 
C. 
F. 
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 few seeds, but those cultures with a greater proportion of the culture with Group A 
characteristics (e.g. A. hastata isolates) promoted germination of seeds similar to Group B/A 
cultures.  Cultures obtained from protocorms of A. robinsonii germinated in vitro were very 
different from the original culture obtained from the adult orchid of that species.  The original 
cultures from A. robinsonii showed discrete dense growth rings (Group D), whereas the 
cultures from protocorms did not and appeared more similar to cultures from A. phaeoclavia 
or A. tentaculata plants (i.e. Group D/A).  
 
However, the change in morphology of the secondary culture did not guarantee a better 
germination result.  This was very evident when two seeds of A. robinsonii were germinated 
using a Group D culture from an adult plant of A. robinsonii.  The cultures re-isolated from 
each protocorm were very similar morphologically and had some of the characteristics of 
Group A cultures.  When each culture was used to germinate more seeds of A. robinsonii, one 
culture (B) was very effective, germinating 60% of seeds over a 10 week period (Chapter 3), 
but the other culture (A) failed to germinate any seeds.  Morphologically, these cultures 
looked the same (Group D/A) and the concentric dense growth rings characteristic of a Group 
D culture did not reappear with time. 
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5.4 DISCUSSION 
 
The fungi showing the most consistent morphology and greatest germination ability were the 
most likely to be identified as Sebacina vermifera.  However, the non-uniformity of pelotons 
from the same orchid, the gross morphology of cultures and the observation that some isolates 
changed in appearance after re-isolation from a protocorm, all suggested the possibility of 
cultures that contained more than one fungus.  Morphology was a very crude means of 
classification of these endophytic fungi from Arachnorchis, particularly because of the 
microscopic nature of these organisms and the lack of substantial diagnostic characters. 
 
5.4.1 Possible identities of fungi 
Four groups of fungi could be distinguished from the eight species of Arachnorchis examined.  
Only Group A cultures from A. phaeoclavia and A. tentaculata fitted most of the characters of 
Epulorhiza Moore (Table 5.6).  These Group A cultures gave the greatest and most consistent 
germination (Chapter 3), as well as being the most consistent group for culture morphology.  
This group of fungi, with white sclerotia, short curved branches of monilioid cells and high 
germination ability, conforms to all of those characteristics of Sebacina vermifera and so this 
is the most likely identity, although further work would be needed to confirm this. 
 
Groups B, C and D differed from Group A cultures.  In particular, only Group A cultures had 
loose, white sclerotia.  Sclerotia of cultures in Groups B, C and D were creamy and compact 
and sclerotia in aged cultures of Groups B and D became dark ochre to orange.  It is unlikely 
that any of these cultures were Ceratorhiza, since all sclerotia were smooth and shiny-waxy, 
rather than the rough, furry texture of Ceratorhiza sclerotia composed of monilioid cells and 
hyphae (Andersen, 1996).  Rhizoctonia sensu stricto is an unlikely candidate also, since 
sclerotia were not “reddish”.  The most likely identities of Groups B, C and D cultures are in 
Moniliopsis and Epulorhiza.   
 
Only multinucleate cultures with purely Group B characters, and those from Group D, had 
ochre-orange sclerotia in aged cultures and might possibly be identified as Moniliopsis (Table 
5.6).  These Group B and D cultures from A. fulva, A. tentaculata and A. robinsonii were poor 
at germinating seeds (Chapter 3).  Most seeds were parasitised and decayed prior to 
germination.  The sclerotia of Group B and C cultures with Group A characters and the Group 
D cultures re-isolated from an in vitro protocorm remained creamy-ochre and did not develop 
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the orange hue, even in cultures older than 12 months.  Germination ability was not as good as 
obtained with Group A cultures, but was better than that obtained with cultures of purely 
group B or D characteristics.  The fungi from Groups B, C and D with Group A characters are 
most likely from Epulorhiza. 
 
5.4.2 Evidence for mixed cultures 
The presence of Group A characters in fungi from Groups B, C and D suggests evidence for 
mixed cultures.  In particular, the presence of two morphologies in a culture and a change in 
the appearance of a fungal colony when recultured from a protocorm (i.e. A. robinsonii) 
suggests the possibility of the cultures containing more than one fungus.  However, a culture 
from A. phaeoclavia, CALAPHAER18SHTX cultured from a single monilioid cell, was 
consistent in appearance and provided reproducibly high germination (>65%) with compatible 
species (see Chapter 3). 
 
Pelotons isolated from an orchid may not belong to a fungus capable of germinating seeds.  
These fungi may be peloton-forming endophytes that invade the orchid some time after 
germination has occurred.  Several morphologically similar or dissimilar fungi may be present 
in a peloton culture (Kristiansen et al., 2001) unless the culture originated from a single 
hyphal tip, basidiospore or chlamydospore.  In cultures that have not originated from such 
procedures, the most vigorous fungi are likely to be perpetuated if the subculture procedure 
continually utilizes the leading hyphal edge.  It is possible that the potentially slower growing 
fungi responsible for germinating orchid seeds might be better cultured on substrates of a 
more “wild-type nature, e.g. soil, sterile millet seed or mulch (K. Dixon, KPBG pers. comm.).  
Re-isolation from these substrates might improve the chance of retaining germinating fungi 
such as those of Group A, or might even select for them.  It is known historically that 
Sebacina vermifera was difficult to maintain in agar culture until Warcup (1981) resorted to 
using oatmeal agar.  Evidence of different diameter peloton-forming fungi from the same 
orchid collar was presented in this study, including large diameter fungi clinging to the 
exterior of orchid cells, but not necessarily forming pelotons.  The suspicion that cultures 
contained more than one hyaline fungus resulted in attempts to reculture fungi from single 
cells.  Cultures from single hyphal tips and from single spores were difficult to obtain.   
 
Single spore cultures of S. vermifera are often inviable.  Warcup (1988) was successful at 
growing only one of four isolates cultured from single spores.  In the current study, monilioid 
cell cultures were the easiest to establish, but it was difficult to be confident that a culture had 
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grown from only a single cell.  Monilioid cells tended to clump together, hindering attempts 
to separate out individual cells and so even dilution-plated cultures might not be truly single 
spore isolates.  If more than one cell forms a culture, it is possible that these cells contain 
different nuclei with different DNA.  This is termed parasexual recombination (K. Dixon, 
KPBG, pers. comm.).  With multinucleate fungi such as sebacinas, it is highly likely that 
cultures contain fungi with cells containing different DNA.  This has implications for 
techniques such as molecular sequencing, potentially resulting in sequences that suggest more 
than one organism.  The CALAPHAER18SHTX fungal culture with its consistency of 
characters, appeared the most likely culture to contain a single organism, or indeed the most 
likely to have resulted from a single monilioid cell with a single nucleus.  This could be 
verified by molecular analysis if a single DNA sequence was found. 
 
Although macroscopic morphology of the cultures and microscopic morphology of the 
hyphae on different media was used as a means of identification and classification into 
groups, this measure did not uniquely classify the fungi.  There was no evidence of 
sporulation and none of the cultures possessed clamp connections.  All cells appeared to 
contain two or more nuclei and up to five in cultures from A. robinsonii (Group D).  The 
structure of the pore could not be observed using light microscopy and would have required 
the use of a transmission electron microscope. 
 
The increasing simplicity and objectivity of techniques for molecular analysis now offers 
insights into difficult problems, honing those classical morphological techniques for 
classifying fungi.  Molecular examination of these cultures, in the following chapter, was 
needed to clarify the possibility of cultures containing multiple fungi and to identify these 
fungi unequivocally. 
 
This chapter concludes a brief examination of the fungi associated with Arachnorchis orchids. 
The following chapter studies these fungi in greater detail.  The experiments described in the 
next chapter were designed to: 
 
1.) determine if individual peloton cultures from a range of Arachnorchis species contained 
multiple fungi,  
2.) determine if any groupings could be found using RFLP analysis and, 
3.) attempt to identify or classify fungi from a range of Arachnorchis species by comparing 
extracted DNA sequences with the GenBank database of fungal sequences. 
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6.1 INTRODUCTION 
 
The fungi needed for the germination of orchid seeds are difficult to identify using simple 
morphology and culture characteristics (Williams and Thilo, 1989; Andersen, 1996; Gardes 
and Bruns, 1996b).  Identification has relied heavily on the morphological characterisation of 
their reproductive spores (e.g. Warcup and Talbot, 1967, 1971, 1980), but the production of 
spores in culture is difficult to achieve (Murray, 1982).  Many orchid mycorrhizas have been 
described simply as species of Rhizoctonia and this does not allow for the comprehensive 
comparison of results amongst researchers.  Cultures effective at germinating orchid seeds 
may also lose that ability after a period in culture (Alexander and Hadley, 1983; Zelmer and 
Currah, 1997).  It is unknown why this should be so.  There are two possibilities, one of 
which is genetic mutation, the other is that cultures of Rhizoctonia fungi are composed of 
more than one fungus (Kristiansen et al., 2001).  It is possible that one fungus might sporulate 
and be identified using traditional methods, while other fungi remain undetected in the 
culture.  As time elapses, the most vigorous fungus is likely to dominate.  This shift would be 
at the expense of the least robust fungi that are possibly responsible for the original success 
with germinating orchid seeds.   
 
6.1.1 Molecular databases 
Australian terrestrial orchids are known to associate with species of fungi from Sebacina (now 
Serendipta), Tulasnella, Ceratobasidium and Thanatephorus (Warcup and Talbot, 1971, 
1980; Warcup, 1971).  Many of these genera are now represented in databases of DNA 
sequences and this allows for the identification and taxonomic classification of fungi using 
molecular techniques.  In 1985, Saiki et al. developed the Polymerase Chain Reaction (PCR) 
that enables the amplification of small amounts of DNA into millions of copies that can be 
visualised on agarose gels after staining with ethidium bromide.  The GenBank and EMBL 
(European Molecular Biology Laboratory) databases (accessible through Australian National 
Genomic Information Service, ANGIS) of DNA sequences contain over 46 million entries 
(September, 2005; http://www.ncbi.nlm.nih.gov/GenBank) from a diverse range of 
organisms.  There are 1,169,671 fungal sequences (November, 2005), mostly associated with 
disease in agricultural crops, but 11,948 sequences belong to mycorrhizal fungi, 112 of which 
are associated with orchids.  As more and more sequences have been added to the database it 
has become possible to design molecular markers to detect particular regions of DNA.   
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6.1.2 RAPDs (Randomly Amplified Polymorphic DNAs) 
Randomly Amplified Polymorphic DNAs (RAPDs) is a technique that is used when little or 
nothing is known of the identity of the study organisms.  A single, small primer (e.g. 10 bp) is 
used to screen a sample of DNA for random annealing sites (Williams et al., 1990).  The 
primer acts as both the forward and reverse primer and the nucleotide sequence of the primer 
is arbitrary.  Several sets of these primers are available to enable the development of a genetic 
map of the organism.  These small primers amplify DNA from a diverse range of organisms, 
including humans and bacteria.  The DNA samples are grouped together based upon similar 
banding patterns.  RAPDs are most useful in population studies that examine individuals for 
relatedness to other individuals (Palacios and Gonzalez-Candelas, 1997; Bussell, 1999; 
Jenczewski et al., 1999).  Although RAPDs are useful for examining the diversity of a group 
of organisms within a laboratory, there are problems with reproducing results between 
different laboratories (Edwards, 1998).  The RAPD technique is not useful for determining the 
identity of an organism, but the banding patterns produced using a set of RAPD primers can 
give an indication of groups, if they exist, amongst a selection of DNA samples. 
 
6.1.3 PCR (ITS band)- RFLP 
More accurate species information can be obtained from DNA samples if a known region of 
DNA is amplified from each sample.  This is achieved using primers that anneal to particular 
sites on the DNA molecule.  In 1990, White et al. published numerous sequences including 
the universal primers ITS1 and ITS4.  These primers amplify a region of nuclear ribosomal 
DNA (nrDNA) that spans the 5.8S rRNA gene and the two internal transcribed spacer (ITS) 
regions on either side (Fig. 6.1).  These two ITS regions evolve faster than, for example the 
5.8S rRNA gene (a highly conserved area).  Restriction fragment length polymorphisms 
(RFLP’s) build on the previous technique to differentiate between groups of fungi (Gardes et 
al., 1991ab; Andersen, 1996; Redecker, 2000).  This method uses restriction enzymes to 
digest the amplified DNA at particular points.  The resultant fragments are stained and viewed 
to compare banding patterns.  Different patterns imply differences in the DNA sequence, 
whereas similar patterns suggest that the DNA samples belong to the same species or species 
group (Gardes and Bruns, 1996b).  It is possible to narrow down the identity of an unknown 
fungal sample by comparing the banding pattern from the unknown sample to the patterns 
obtained from a known species.  It is also useful to have an idea of the likely identity of the 
unknown sample to reduce the level of mismatching.   
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Figure 6.1 Construction of a strand of rDNS. Single repeat units (    ) are tandemly 
organised within a strand of rDNA.  Each unit is composed of three genes (    ) 
for the 18S, 5.8S and 28S rDNA.  The genes are separated by spacer regions 
known as the external transcribed spacer (ETS), the internal transcribed spacer 
(ITS) and the intergenic spacer (IGS).  Figure adapted from Schlötterer (1998). 
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6.1.4 Sequencing 
In the absence of spores, sequencing of a section of DNA can be a rapid and reliable means of 
determining the identity of an organism.  Other methods such as culture morphology and 
allozymes help to derive identification.  Sequencing DNA can build on the previous 
techniques by identifying the base-pairs within a strand of amplified DNA.  Alignments of 
highly conserved areas show portions of the sequence that are specific to particular 
organisms.  These portions can be compared to other sequences of known identity to 
determine the level of relatedness to these sequences.  Sequence variation at the species level 
can be shown when DNA is amplified using ITS primers (White et al., 1990).  This method 
requires only small amounts of DNA and has been used successfully to identify fungi from 
pelotons (Kristiansen et al., 2001).  DNA sequencing can fail to identify an organism when 
the database of sequences fails to contain a DNA sequence from the same species or closely 
related organism.  Sequencing is also unproductive when the DNA sample contains two very 
closely related organisms and a clear sequence is not obtained.  When this happens, primers 
useful at the generic level, for example primers for the mitochondrial large subunit, ML5 and 
ML6 (White et al., 1990), can provide sequence data with potential to identify an unknown 
DNA sample to at least generic level.  The mitochondrial rDNA shows less variation than the 
ITS region and direct sequencing of mitochondrial DNA might be possible where direct 
sequencing of ITS DNA fails. 
 
6.1.5 Specific primer design 
Primers specific to certain taxa can be designed using the unique sequences within either of 
the ITS regions.  For example, ITS4-B is used to find the DNA of basidiomycetes (Gardes 
and Bruns, 1993), but only a few genera of ectomycorrhizal fungi were used in the design.  
Sequence matches greater than 95% generally correspond to a set of closely related genera 
(Gardes and Bruns, 1996b).  PCR has been used in conjunction with specific fungal primers to 
amplify DNA belonging to certain mycorrhizal fungal groups (Gardes and Bruns, 1993; 
Redecker, 2000).  In particular, this method has been useful with mycorrhizal fungi.  Specific 
primers, carefully designed from a previously sequenced species, have the potential to rapidly 
identify the same species from an unknown DNA sample.  Sequencing of the newly amplified 
fragment will find if that the fragment is indeed identical. 
 
In the absence of direct sequencing, or when useful sequence information is absent from the 
database, specific primers can be used with the RFLP technique (Gardes and Bruns, 1991ab; 
1996a, 1996b).  The resulting banding patterns are highly reproducible and allow closely 
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related fungi to be grouped together.  An accurate identification is not obtained, but this 
technique provides the best information until matching sequences of known identity become 
available.  The development of PCR-based detection methods has meant that species of fungi 
can be rapidly categorised or identified without relying on the morphological characters of 
their spores.  
 
This chapter sought to clarify the identity of endophytic fungi isolated from Arachnorchis 
orchids in the preceding chapters.  Relationships between isolates were investigated using 
PCR and RFLP techniques and an explanation was sought for the variability of isolates in 
germinating Arachnorchis seeds. 
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6.2 MATERIALS AND METHODS 
 
6.2.1 Preparation of fungal isolates for DNA analysis 
 
Cultures used for molecular analysis were sub-cultured initially onto oatmeal agar (sucrose 10 
g/L, ground oatmeal 2.5 g/L, yeast extract 0.1 g/L and agar 15.0 g/L) to obtain actively 
growing cultures.  Cultures used for molecular analysis are listed in Table 6.1.  Cultures were 
chosen to represent a range of season of isolation and Arachnorchis species. 
 
6.2.1.1 Liquid culture 
For each isolate, ten 5 mm x 5 mm cubes of agar were removed from active cultures less than 
6 weeks of age and transferred to liquid culture.  A liquid medium was used that contained the 
following: sucrose 10 g, ground oatmeal 2.5 g, yeast extract 0.1 g, 20 mL filtered potato 
extract and 40 mL filtered, fresh coconut milk and made up to 1 L with deionised water.  The 
potato extract was made from 200 g of peeled potatoes in 500 mL of tap water, cooked for 20 
min and then mashed.  Sufficient tap water was added to provide 500 mL of potato extract, 
which was passed through a sieve to remove lumps and then strained through a piece of 
polyester/cotton fabric to remove large solid materials.  If necessary, the pH was adjusted to 
5.5-5.7 and the medium was autoclaved.  Polycarbonate screw-top pots (250 mL, diameter 65 
mm) containing 15 mL of this nutrient solution were autoclaved and used to culture fungi.  
Fungi were grown at room temperature, under static culture conditions, for at least 3 weeks 
prior to harvest of mycelia.   
 
6.2.1.2 Extraction of genomic DNA from fungi 
Genomic DNA was extracted from fungal isolates grown in liquid culture using one of two 
methods.  One method used the DNeasy Plant Mini Kit (Qiagen) as per the manufacturer’s 
instructions and the other was modified from a method used by Gardes and Bruns (1993).  For 
both methods, mycelia were harvested from liquid culture pots in a laminar flow cabinet and 
placed in sterile 1.5 mL microfuge tubes.  Mycelia were pelleted by a 5 min centrifugation at 
6,110 g or at 25,000 g.  The supernatant was discarded and a wet mass of at least 100 mg of 
mycelium was used for genomic DNA extraction.  The manufacturer’s instructions were 
followed for extraction using the DNeasy kit, except that a few grains of acid-washed sand 
were added to each sample before grinding using a plastic micropestle with frequent freezing 
by dipping in liquid nitrogen 
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Table 6.1 Fungal cultures used in the molecular analysis of fungi isolated from 
Arachnorchis orchids. 
 
R9 refers to the orchid collar, 2.2 refers to an unique peloton colony and subsequent numbers 
refer to sub-culturing.  W - window-plated culture, G – subcultured from a germination plate 
with seedlings, P – fungi re-isolated from an in vitro protocorm, “mon” – cultured from a 
cluster of monilioid cells and “*” - cultured from a single monilioid cell. 
 
Species of orchid Culture ID Code Isolation date 
A. fulva CFR26 4.3P R26 22 May 2000 
 CFR27 4.6.1.1.1W1.1F CF3 02 July 2000 
 CFR29 1.5P R29 06 Sept. 2000 
 
   
A. hastata CHR38 P R38 01 Nov 2000 
 
   
A. phaeoclavia CPR13 2.3W R13 07 Sept. 1999 
 *CPR18 1W3SC_GW1.1_ R18 14 Nov. 1999 
 CPR18 1W12.1.1.1 CP2 14 Nov. 1999 
 
   
A. robinsonii CRR11 2W5.1PBPX R11 20 July 1999 
 
   
A. tentaculata CTR1 6.1W R1 17 June 1999 
 CTR15 2W7.2.1 CT2 01 Nov. 1999 
 CTR17 4W5.1.1.1.1 CT3 14 Nov. 1999 
 CTR17 2W2.1.1.1  CT4 14 Nov. 1999 
 
   
A. venusta CVR8 1.4W1.1.1.1 CV3 04 July 1999 
 CVR9 2.2.2.1W1.1 CV4 04 July 1999 
 CVR9 3.1.1.1.1GGW1.1 CV5 04 July 1999 
 CVR9 5.1_W1_ R9 04 July 1999 
 CVR9 5.1 mon R9m 04 July 1999 
 
   
Pterostylis sanguinea 
D.L.Jones et M.A.Clem. 
Rhizoctonia solani 
(Thanatephorus cucumeris) 
0167* Unknown date 
(Port Lincoln, SA) 
  
  
 
*Identified as T. cucumeris using DNA ITS sequence.  Previously identified using morphology as 
Ceratobasidium cornigerum (Warcup, 1975). 
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In the method modified from Gardes and Bruns (1993), 300 µL of 20% (w/v) sodium dodecyl 
sulphate (SDS) was added to the mycelium during grinding.  After grinding, tubes were 
submitted to three freeze/thaw cycles using liquid nitrogen and a 65oC heating block.  Tubes 
were incubated at 65oC for 1 h.  A volume of chloroform equal to the sample volume was 
added and the mixture was vortexed.  Tubes were centrifuged for 15 min at 6,110 g at room 
temperature and the aqueous layer (top) was transferred to a new sterile 1.5 mL microfuge 
tube.  A volume of cold (-20oC) isopropanol equal to the sample volume was added and the 
tubes were placed in a freezer (-20oC) overnight to increase the yield of genomic DNA.   
 
Tubes were centrifuged for 10 min at 6,110 g at room temperature.  The supernatant was 
discarded.  The DNA pellet was washed in cold (-20oC) 70% (v/v) ethanol and permitted to 
dry at room temperature for 30 min.  The pellet was resuspended in 40-60 µL 0.1 x TE (10 
mM Tris-HCl pH 8.0, 1mM ethylenediamine tetra-acetic acid, di-sodium salt (EDTA)) and 
stored at –20oC until required. 
 
6.2.1.3 Determination of the amount of genomic DNA  
Samples and dilutions of extracted genomic DNA were run on 1.4% (w/v) agarose gels 
containing 2 µL ethidium bromide (10 mg/mL) per 100 mL agarose, with a standard uncut 
Lambda phage DNA (or a 100 bp Generuler DNA ladder, Fisher Biotec) to determine the 
amount of DNA that had been extracted.   
 
A one in one thousand dilution was also assayed in a spectrophotometer to determine the 
amount and quality of extracted DNA using absorbance measurements taken at 260 and 280 
nm wavelengths.  A value equal to “1” at A260 indicates an amount of DNA of 50 µg/mL 
(DNeasy Plant Mini Kit Instruction Manual, Qiagen).  The ratio A260/A280 was also measured 
as an indication of quality, as pure DNA gives a ratio value A260/A280  = 1.7-1.8.  Scanning 
from 220-320 nm indicated if other factors such as polysaccharides were interfering with 
absorbance at 260 and 280 nm.   
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6.2.2 Polymerase Chain Reaction (PCR) amplification 
 
The Polymerase Chain Reaction (PCR) was used to amplify DNA extracted from fungal 
cultures grown in liquid medium.  Three types of primer were used to target different regions 
of DNA (Table 6.2).   
 
6.2.2.1 Randomly Amplified Polymorphic DNA (RAPDs) 
For RAPDs, two sets of 10 bp primer kits, OPM and OPA (Life Technologies Pty Ltd, 
Australia) were screened for suitable reactive primers with fungal DNA.  Two primers (OPM-
1 and OPM-19) (Table 6.2) were selected to amplify regions of repeated DNA for use in 
RAPD analysis to compare individuals.  Genomic DNA extracted from fungal cultures 
(section 6.2.1.2) was used as template DNA in PCR amplification based on the protocols of 
Williams et al. (1990).  The reaction mixture contained 4 µL genomic DNA (≥20 ng), 2.5 µL 
10 x Tth Plus DNA polymerase buffer (as supplied), 4 µL MgCl2 (25 mM), 4 µL dNTPs 
(dATP, dCTP, dGTP, dTTP; 1 µL of each at 200 µM), 2 µL primer (0.2 µM) (Life 
Technologies Pty Ltd, Australia), 0.5 µL Tth Plus DNA polymerase (5.5 U/µL, Fisher Biotec) 
with the volume made up to 25 µL with sterile Milli-Q™ water.  PCR was performed using 
an Hybaid Omnigene Thermal Cycler.  PCR conditions involved an initial heating of the 
reaction mixture at 94oC for 12 min followed by 45 cycles of denaturation at 94oC for 1 min, 
annealing at 36oC for 1 min and extension at 72oC for 2 min.  The reaction tubes were held for 
a final extension cycle at 72oC for 10 min and then stored at 4oC until required.  PCR products 
(8 µL plus 2 µL loading dye (0.25% bromophenol blue plus 40% (w/v) sucrose in H2O)) were 
electrophoresed on 10 cm 1.4% (w/v) agarose gels, containing ethidium bromide (2 µL per 
100 mL agar), in TBE (tris-borate-EDTA) buffer at 100 V.  A negative control containing no 
DNA was run in every PCR reaction to test for contamination of reagents.  Bands of DNA 
were viewed using a Chromato-Vue UV transilluminator (Model TM 36, Ultra-violet 
Products, Inc.), photographed (Polaroid 667 film) and examined for banding patterns of 
products. 
 
6.2.2.2 ITS PCR using nuclear ribosomal DNA (nrDNA) 
The universal primers ITS1, ITS4 and ITS5 (White et al., 1990) were used to target the 
internal transcribed spacer (ITS) region (Fig. 6.1) of nuclear ribosomal DNA (nrDNA) (Table 
6.2).  This region has no internal repetitive structure, making it accessible to direct DNA 
sequence analysis.  
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Table 6.2 Primers and their sequences used in molecular analysis of endophytic fungi. 
 
 
Primers Sequence 5’ - 3’ 
RAPD primers  
OPM-1 GTT GGT GGC T 
OPM-19 CCT TCA GGC A 
  
Universal primers  
ITS1 (18S) nuclear rDNA TCC GTA GGT GAA CCT GCG C (White et al., 1990) 
ITS4 (28S) nuclear rDNA TCC TCC GCT TAT TGA TAT GC (White et al., 1990) 
ITS5 (18S) nuclear rDNA GGA AGT AAA AGT CGT AAC AAG G (White et al., 1990) 
ML5 mitochondrial rDNA CTC GGC AAA TTA TCC TCA TAA G (White et al., 1990) 
ML6 mitochondrial rDNA CAG TAG AAG CTG CAT AGG GTC (White et al., 1990) 
  
Specific primers  
SV3F TGA GAC ATT CCA GAC GAG C 
SV3R CAA ACC AAT CCA CAC ACC 
SV9F GAA GCT GAC CAG TGA AGA TAC 
SV9R CAA ACC AAT CCA CAC ACC 
RSF GAA CAA TTG GTG CTG GAC 
RSR GTA TTA GCT GGA TCT CAG TGT 
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Extracted genomic DNA was used in a PCR procedure with the universal primers ITS1 and 
ITS4 or ITS5 and ITS4 (White et al., 1990)(Table 6.2).  This amplified the nuclear ribosomal 
ITS1, ITS2 and the 5.8S rDNA.  Each reaction used the following components: 4 µL genomic 
DNA (≥20 ng), 14 µL MgCl2 (as supplied 25 mM), 10 µL 10 x buffer (as supplied), 4 µL 
dNTPs (dATP, dCTP, dGTP, dTTP; 1µL of each at 20 mM), 2 µL of each (e.g. ITS1 and 
ITS4) primer (50 µM) (Monash University, Australia), 0.5 µL Tth Plus DNA polymerase (5.5 
U/µL, Fisher Biotec) kept on ice and the volume was made up to 100 µL with sterile MilliQ 
water.  PCR was performed using a Hybaid Omnigene Thermal Cycler.  PCR used the 
following regime: an initial denaturation step at 94oC for 10 min followed by 35 cycles of 
denaturation at 94oC for 30 s, annealing at 55oC for 30 s and extension at 72oC for 1 min.  
This was followed by 10 min extension at 72oC.  After amplification, 5 µL of the PCR 
product was electrophoresed with 2 µL loading dye as before. 
 
6.2.2.3 Restriction fragment length polymorphic (RFLP) DNA analysis 
As a precursor to carrying out more detailed molecular work, RFLP analysis was used to 
determine if cultures of fungi from Arachnorchis contained a single organism.  The universal 
primers ITS1 and ITS4 (White et al., 1990) were used to amplify the ITS region from 
genomic DNA extracted from peloton cultures of the endophytic fungi of A. fulva,  
A. hastata, A. phaeoclavia, A. robinsonii, A. tentaculata and A. venusta (Table 6.1).   
 
Amplification products from ITS PCR were used for restriction fragment length polymorphic 
(RFLP) DNA analysis.  Six 4 bp restriction enzymes (endonucleases) (BsuRI, Csp6I, Hin6I, 
HpaII, MspI and TaqI (Geneworks Pty. Ltd., Adelaide, Australia)) were used to screen for 
cleavage sites (Table 6.3).  Each digestion contained the following components: 5 µL PCR-
ITS product, 1 µL 10 x buffer (as supplied), 1 µL (10 U) restriction enzyme, 1 µL bovine 
serum albumin (BSA) (0.1 mg/mL), 3 µL sterile MilliQ water and was incubated for 2 h at 
37oC (TaqI was incubated at 65oC). 
 
Digestion products (5 µL product plus 2 µL loading dye) were loaded onto a 1.4% agarose gel 
containing 2 µL ethidium bromide (10 mg/mL) per 100 mL agarose and run at 100 V for 30-
45 min.  One lane per row was loaded with a 1.5 µL molecular ladder (10 bands, one every 
100 bp to 1000 bp, LMW, Geneworks, Australia).   
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Table 6.3 Restriction enzymes used in Restriction Fragment Length Polymorphism 
(RFLP) analysis.  All restriction enzymes were sourced from GeneWorks Pty 
Ltd (Australia). 
 
 
Restriction Enzyme Sequence (cleaving site) 
BsuRI (HaeIII) 5’ GG▼CC 3’ 
3’ CC▼GG 5’ 
Csp6I (RsaI) 5’ G▼TAC 3’ 
3’ CAT▼G 5’ 
Hin6I (HhaI) 5’ G▼CGC 3’ 
3’ CGC▼G 5’ 
HpaII 5’ C▼CGG 3’ 
3’ GGC▼C 5’ 
MspI  5’ C▼CGG 3’ 
3’ GGC▼C 5’ 
TaqI 5’ T▼CGA 3’ 
3’ AGC▼T 5’ 
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6.2.2.4 ML PCR using mitochondrial ribosomal DNA (mrDNA) 
The universal mitochondrial primers ML5 and ML6 (Table 6.2) were used to amplify DNA 
from the large subunit mitochondrial rDNA.   
 
Amplifications with the mitochondrial primers used the same volumes of ingredients as for 
ITS primers (section 6.2.2.2), except for using 10 µL MgCl2 (as supplied 25 mM), rather than 
14 µL.  PCR used the following regime: an initial denaturation step at 94oC for 85 s followed 
by 13 cycles of denaturation at 95oC for 35 s, annealing at 55oC for 55 s and extension at 72oC 
for 45 s.  This was followed by another13 cycles of denaturation at 95oC for 35 s, annealing at 
55oC for 55 s and extension at 72oC for 120 s.  Another 9 cycles of denaturation at 95oC for 
35 s, annealing at 55oC for 55 s and extension at 72oC for 180 s followed.  A final extension at 
72oC for 10 min ended the PCR.  After amplification, 5 µL of the PCR product was 
electrophoresed with 2 µL loading dye as before. 
 
6.2.2.5 Sequencing of the ITS and mitochondrial PCR product 
The ITS PCR product was purified using a QIAquick® PCR purification kit (Qiagen) as per 
the manufacturer’s instructions.  The 50 µL purified DNA (from 100 µL original PCR 
product) was stored at –20oC until required.  The purified product was prepared for 
sequencing using the ABI PRISM Dye Terminator Cycle Sequencing Ready Reaction Kit 
protocol (Perkin-Elmer).  Each reaction contained the following: 4 µL Terminator Ready 
Reaction mix, 5 µL purified DNA product, 0.5 µL primer (ITS1 or ITS4) (50 µM) and 0.5 µL 
dH2O.  Two reactions per DNA sample were prepared, using the forward primer in one 
reaction and the reverse primer in the other. 
 
A Hybaid Omnigene Thermal Cycler was preheated to 96oC prior to running the following 
thermal cycle: 25 cycles of denaturation at 96oC for 30 s, annealing at 50oC for 15 s, extension 
at 60oC for 4 min and cooling to 4oC. 
 
The extension products from this procedure were purified using the following protocol.  For 
each reaction, a 1.5 mL microfuge tube was prepared containing 1.0 µL 3 M sodium acetate, 
pH 4.6 and 25 µL 90% ethanol.  The entire 10 µL contents of a reaction tube was added to the 
1.5 mL tube, vortexed and placed on ice for 10 min.  The tube was centrifuged for 20 min at 
25,000 g.  The ethanol was removed with a micropipettor.  The pellet was rinsed by adding 
125 µL 70% ethanol, vortexed, and centrifuged for a further 20 min at 25,000 g.  The ethanol 
was removed without disturbing the pellet and a rolled Kimwipes was used to remove any 
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ethanol from the sides of the tube.  The tubes were inverted and left to dry overnight at room 
temperature prior to sending to a DNA sequencing facility (Monash University, Australia). 
 
The mitochondrial PCR product was purified using the same protocol as for the ITS PCR 
product (as above), but used the primers ML5 and ML6 instead of ITS1 and ITS4. 
 
6.2.2.6 Analysis of sequence data 
All DNA sequences were edited manually by checking nucleotides against the corresponding 
chromatographs for sequencer reading errors.  The edited DNA sequences were then 
submitted to the BLASTn (Altschul et al., 1990) search program via the ANGIS website 
(www.angis.org.au).  The closest matching sequences in the GenBank and EMBL databases 
were downloaded for comparisons. 
 
The edited sequences for isolates R18, R13, R1, CT4, R38, R11, CV5, R9m, R26 and R29 
were used with sequences from Sebacina vermifera (AF202728) (Table 6.4) in the ClustALW 
(Thompson et al., 1994) program on ANGIS for an alignment of these sequences.  
Comparison was made with isolate 0167 named as Ceratobasidium cornigerm by Warcup 
(1975).  The sequences were truncated using the alignment information to obtain a set of 
sequences of the same length.  A similarity matrix was created, using the truncated sequences, 
with the HOMOLOGIES (J.A.M. Leunissen, Netherlands) program that calculates percentage 
similarities between sequences.  Separate matrices were created for the ML sequences. 
 
Whenever ITS or ML sequences were available, all DNA sequences from the study material, 
S. vermifera (AF202728), and a representation of sequences (Tables 6.4, 6.5) from 
Ceratobasidium, Epulorhiza, Sebacina, Tulasnella, Thanatephorus and Rhizoctonia were 
used in the ECLUSTLW program for alignment and production of a dendrogram file. Serpula 
was used as an outgroup.  The tree was viewed using TREEVIEW (Page, 1996) and formatted 
using TreeExplorer (Tamura; http://evolgen.biol.metro-u.ac.jp/TE/TE_man.html), 1997). 
 
Specific primer design 
The R18 ITS sequence and the Rhizoctonia solani (AF153802) sequence were used to design 
primers using the software application Prime on ANGIS specific to the R18 version of  
S. vermifera and to R. solani for use with unknown and mixed fungal isolates. 
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Table 6.4 Sequences from Genbank used in analyses of ITS DNA sequences. 
 
 
Fungal isolate Genbank 
Accession 
No. 
Source & reference to fungal 
description 
ITS sequences 
  
Ceratobasidium angustisporum1 CAN427403 Pterostylis mutica (Warcup & Talbot, 1967, 1980) 
Ceratobasidium cornigerum CCO302010 Medigago sativa (Warcup & Talbot, 1967) 
Ceratobasidium sp. AF354088 rice 
Ceratobasidium sp. AF503958 Tropical orchid 
Ceratobasidium sp. AF472295 Ionopsis satyrioides 
Ceratobasidium sp. AF472302 Tolumnia variegata 
Epulorhiza sp. ESP313459 Spathaglotis plicata 
Pycnoporus sanguineus AF363763 Mycelia 
Rhizoctonia solani AF153802 Soil core 
Rhizoctonia solani RSO318433 Oncidium “sweet sugar” 
Sebacina allantoidea AF490396 Neottia nidus-avis 
Sebacina calcea SCA427408 Mycelia/Morocco 
Sebacina vermifera2 AF202728 Caladenia dilatata (Warcup & Talbot, 1967) 
Sebacina sp. AF440646 Neottia nidus-avis 
Sebacina sp. AF440647 Neottia nidus-avis 
Serpula lacrymans AF335272 Mycelia/Australia 
Thanatephorus cucumeris AF153803 Pterostylis acuminata (Warcup & Talbot, 1967) 
Thanatephorus cucumeris ABO19025 Tobacco/potato (Warcup & Talbot, 1967) 
 
 
Nomenclature according to Roberts (1999). 
 
1
 Ceratobasidium pseudocornigerum 
2
 Serendipita vermifera 
Epulorhiza= anamorph of Tulasnella 
Rhizoctonia solani = anamorph of Thanatephorus cucumeris 
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Table 6.5 Sequences from Genbank used in analyses of mitochondrial rDNA. 
 
 
Fungal taxon Genbank 
Accession 
no. 
Source & reference to fungal description 
Auricularia auricula-judae AF393090  
Bankera fuligineoalba AF393093  
Ceratorhiza goodyerae-repentis AF345556  
Chroogomphus vinicolor AD001578  
Epulorhiza anaticula  AF345559 Currah et al.(1990) 
Laetiporus sulphureus AF393128  
Sebacina sp. AD001635  
Serpula himantioides AF114450  
Suillus caevipes AD001641  
Suilloid fungal sp. Af351880  
Tulasnella calospora B AF345853 Dactylorhiza majalis; Andersen (1990) 
Tulasnella calospora AF345852 Dactylorhiza majalis; Andersen (1990) 
Tulasnella irregularis AF345560 Dendrobium dicuphum; Warcup & Talbot (1980) 
Tulasnella pruinosa AF345561 Not from an orchid 
Tulasnella violea AF345562 Not from an orchid, Warcup & Talbot (1971) 
 
 
Nomenclature according to Roberts (1999). 
 
Ceratorhiza = anamorph of Ceratobasidium 
Epulorhiza= anamorph of Tulasnella 
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6.3 RESULTS 
 
Genomic DNA extracted using the method modified from Gardes and Bruns (1993) (section 
6.2.1.2) had to be further cleaned prior to successful PCR procedures.  Ample good quality 
genomic DNA was obtained using the DNeasy kit, provided sufficient starting material was 
used, and this was the preferred method of extraction. 
 
6.3.1 Randomly Amplified Polymorphic DNA (RAPDs) 
Amplification of product was successful for OPM-1 and OPM-19, but not with any of the 
other OPM primers.  Results suggested differences between all of the isolates tested, but 
problems occurred, with products seen in the negative control (Fig. 6.2), and so this technique 
was not pursued further.   
 
6.3.2 PCR - Restriction fragment length polymorphism (RFLP) analysis 
The ITS region was a similar size for all cultures, giving a single product of approx. 600 bp 
(Fig. 6.3).  All of the enzymes cleaved the ITS region in all of the samples tested (Table 6.6).  
The enzyme Taq1 cleaved the ITS region from all samples into many small fragments that 
were difficult to resolve.  The other enzymes produced fewer, larger fragments.  In some 
samples, a band at 600 bp was observed even after extended digestion (Fig. 6.4, upper gel), 
indicating incomplete digestion of the ITS PCR product.   
 
The restriction enzyme Csp6I was very informative (Fig. 6.4, Table 6.6).  Every sample 
produced strong bands at approx. 270 and 320 bp.  Except for R18, all samples originating 
from A. tentaculata and A. phaeoclavia possessed a strong band at 420 bp.  In some samples a 
faint band at 120 bp was observed.  These six samples gave banding patterns that added to 
exceed the 600 bp ITS product (ie 420, 320, 270 ± 120).  Only the R18 fungus from  
A. phaeoclavia gave a banding pattern that added to approximately 600 bp (ie. 320 + 270).  
R18 did not show either the 420 bp or 120 bp fragment seen in the rest of the  
A. tentaculata/phaeoclavia group.  All other fungal samples from the remaining species of 
orchid showed only two bands (320 and 270 bp), except for some cultures from A. venusta, 
which had an extra fragment at 90 bp. 
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Figure 6.2 Ethidium bromide stained agarose gel (1.4%) analysis of Randomly Amplified 
Polymorphic DNA (RAPD) using primer OPM 1. 
 
L1 molecular ladder (100 bp increments)  
L2 negative control (no DNA) 
L3 A. tentaculata (R1) culture  
L4 A. tentaculata (R1) culture  
L5 A. robinsonii (R11) culture 
L6 A. robinsonii (R11) culture 
L7 A. fulva (R4) culture 
L8 A. venusta (R8) culture 
L9 A. venusta (R8) culture  
L10 A. tentaculata (R16) culture 
 
500 bp 
 L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 
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Figure 6.3 Ethidium bromide stained agarose gel (1.4%) analysis of the internal 
transcribed spacer (ITS) region amplified by primers ITS 1 and ITS 4. 
 
Gel A  Gel B  
L1  negative control (no DNA) L9 negative control (no DNA) 
L2 A. tentaculata culture (R1)  L10 A. venusta culture (R9)  
L3 A. phaeoclavia culture (R13)  L11 A. robinsonii culture (R11)  
L4 A. hastata culture (R38)  L12 A. phaeoclavia culture (R18)  
L5 molecular ladder (100-1000 bp) L13 molecular ladder (100-1000 bp) 
L6 A. venusta culture (R9m)  
 
L7 A. fulva culture (R26)  
 
L8 A. fulva culture (R29)   
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320 bp 
 
270 bp 
600 bp 
 
420 bp 
 
320 bp 
 
270 bp 
 
 
120 bp 
 L1 L2 L3 L4 L5 L6 L7 L8 
 L9 L10  L11 L12  L13 L14 
 
Figure 6.4 Ethidium bromide stained 1.4% agarose gels of Csp6I digest products from the 
ITS nRNA region.  
 
L1 & L2 CT4, CT3 peloton isolations from A. tentaculata (CTR17) 
L3  CT2 peloton isolation from A. tentaculata (CTR15) 
L4  100 bp molecular ladder (100-1000 bp) 
L5 CP2 peloton isolation from A. phaeoclavia (CPR18) 
L6  CV3 peloton isolation from A. venusta (CVR8) 
L7 & L8 CV4, CV5 peloton isolations from A. venusta (CVR9) 
L9 R9m monilioid cell cluster isolation from A. venusta (CVR9) 
L10 R38 peloton isolation from A. hastata (CHR38) 
L11 100 bp molecular ladder (100-1000 bp) 
L12  peloton isolation from A. fulva (CFR27) 
L13 peloton isolation from A. fulva (CFR26) 
L14 peloton isolation from A. fulva (CFR29) 
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The Hin6I digest resulted in the same types of pattern as those obtained by Csp6I.  Banding 
patterns for A. tentaculata and A. phaeoclavia shared many similarities, with common bands 
at approx. 130, 200 and 310 bp (Fig. 6.5A).  All of these samples, except R18 (640 bp), 
showed additional bands adding to exceed greatly the 600 bp ITS product size.  One sample 
from A. tentaculata was unique in producing a strong band at 430 bp.  The digests from  
A. venusta, A. fulva, A. hastata and A. robinsonii gave similar banding patterns with a strong 
band at approximately 510 bp.  A faint band at 130 bp was observed in some samples (i.e. 
A. venusta and A. robinsonii).   
 
The HpaII digest (Fig 6.5B) suggested differences in the ITS sequence between cultures from 
A. tentaculata and A. phaeoclavia plants, but unlike the other digests, did not distinguish 
between the CP2 and R18 isolates from A. phaeoclavia.  A band at 330 bp was seen in some 
cultures from A. tentaculata (CT2 and CT3), but only R13 from A. phaeoclavia showed a 
similar (320 bp), although faint band.  The banding patterns for the MspI digest repeated the 
patterns of the HpaII digest. 
 
The BsuRI digest showed a strong band of approximately 500 bp for all samples.  A second 
band was observed of 220 bp for three of the four A. tentaculata samples and for two of the 
three A. phaeoclavia samples.  In four fungal samples from a single A. venusta plant the 
second band was observed to be 340 bp.  One sample from A. venusta, all samples from  
A. fulva and the samples from A. hastata and A. robinsonii showed one or two bands adding 
to 620 bp or less.  
 
The RFLP analysis suggested that the R18, R38 and R11 cultures were probably the only 
cultures of a single organism, with fragments from individual digests adding to about 600 bp 
or less.  The digests also suggested that the organism present in the R18 culture differed from 
the organism present in the R38 or R11 samples.  However, the Csp6I and BsuRI digests 
suggested that the R18 organism, or probably something with closely matching DNA, was 
present in all samples.  The banding patterns revealed three broad categories of fungi: one 
common to A. tentaculata and A. phaeoclavia orchids, one common to A. venusta plants and 
one common to A. fulva, A. hastata and A. robinsonii plants.  However, the digests also 
showed that fungal DNA samples from the same orchid collar were variable; for example, 
CV5 and R9 or R18 and CP2 (Table 6.6). 
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Figure 6.5 Ethidium bromide stained 1.4% agarose gels of RFLP analysis using the 
restriction enzymes Hin6I (A) and HpaII (B) to digest the ITS-PCR product.  
M 100 bp molecular ladder (100-1000 bp). 
 
R11  peloton isolation from A. robinsonii (CRR11),  
CT2, CT3  peloton isolations from different plants of A. tentaculata (CTR15, CTR17),  
CP2, R18  different peloton isolations from the same orchid (A. phaeoclavia- CPR18),  
CV5, R9  different peloton isolations from the same orchid (A. venusta- CVR9). 
 R11 CT2 CT3 M CP2 R18 CV5 R9 
A 
B 
510 bp 
310 bp 
200 bp 
130 bp 
510 bp 
390 bp 
240 bp 
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6.3.3 Investigation of mitochondrial ribosomal DNA 
Three samples of fungi, from A. phaeoclavia (R18), A. venusta (R9) and A. robinsonii (R11), 
produced multiple products (Fig 6.6) using the primers ML5 and ML6 at an annealing 
temperature of 55oC (Gardes and Bruns, 1993).  When the temperature was raised to 62oC to 
increase the specificity of the primers, R18 produced a strong band at approximately 1250 bp 
with a few other very faint bands (Fig 6.7).  CP2 and R13 from A. phaeoclavia, CT2 from  
A. tentaculata, R9m from A. venusta and R38 from A. hastata also produced a strong band of 
approximately this size.  The product from R18 was sequenced from the ML5 primed sample 
(Fig. 6.8) (Appendix D, Table 6.1).  Another, identical, sequence was obtained from CP2 
(Appendix D, Table 6.2), the mixed culture from the same orchid as R18.  The monilioid cells 
sample from A. venusta (R9m) was also sequenced (Fig. 6.8) (Appendix D, Table 6.3).  The 
sample CT2, from A. tentaculata, appeared to produce a single band, but an attempt at 
sequencing failed (Appendix D, Table 6.4). 
 
A sample from A. fulva, R29, produced a strong band at 530 bp (Fig. 6.7) and was sequenced 
(Fig. 6.8)(Appendix D, Table 6.5).  Two other DNA samples from fungal isolates from A. 
fulva failed to amplify at this temperature.  The DNA samples from a fungal isolate from A. 
tentaculata (R1) and A. robinsonii (R11) continued to produce multiple products at the raised 
temperature.  The fungal isolate from A. tentaculata (R1) was not sequenced and the 
sequences for the fungal isolate from A. robinsonii (R11) were unreadable (Appendix D, 
Tables 6.6).  Samples CT4 (from A. tentaculata) and CV3 (from A. venusta) were weakly 
amplified and not sequenced.  Although the PCR products were either 1250 bp or 530 bp, the 
returned sequences were all of a similar length (i.e. 180 bp).  The sequences obtained from the 
ML6 reactions were unreadable (Appendix D, Tables 6.1b-6.6b). 
 
A further increase of the annealing temperature to 65oC (Huynh, 1999) produced a single 
weakly amplified product exceeding 1000 bp from DNA samples R18 and R38, and R11 
produced a single strong band at approximately 530 bp.  Sequencing was not successful on 
these products. 
 
The fungal DNA sequences from A. phaeoclavia (R18 and CP2) were identical (Fig. 6.8), 
whereas all other isolates had 96-97% homology (Table 6.7).  No close match for these 
sequences was found after searching the GenBank database (Table 6.8).  Sequences of 
greatest similarity included the basidiomycetes Auricularia auricula-judae (AF393090), 
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Figure 6.6 Ethidium bromide stained agarose gel (1.4%) of PCR products from three 
fungal samples from different species of orchid.  DNA was amplified using 
ML5 and ML6 mitochondrial primers at an annealing temperature of 55oC. 
 
L1 negative control (no DNA) 
L2 fungal culture (R9) from A. venusta 
L3 fungal culture (R11) from A. robinsonii 
L4 fungal culture (R18) from A. phaeoclavia 
L5 molecular ladder (100-1000 bp)  
 L1 L2 L3 L4 L5 
1000 bp 
 
 
500 bp 
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Figure 6.7 Ethidium bromide stained agarose gel (1.4%) of PCR products from 13 fungal 
samples from six species of orchid.  DNA was amplified using ML5 and ML6 
mitochondrial primers at an annealing temperature of 62oC. 
 
Gel A  Gel B  
L1 fungal culture (CT2) from A. tentaculata L9 fungal culture (R11) from A. robinsonii  
L2 fungal culture (CT4) from A. tentaculata L10 fungal culture (CV3) from A. venusta  
L3 fungal culture (R1) from A. tentaculata L11 fungal culture (R9m) from A. venusta  
L4 molecular ladder (100-3000 bp)  L12 molecular ladder (100-3000 bp) 
L5 fungal culture (CP2) from A. phaeoclavia L13 fungal culture (CF3) from A. fulva  
L6 fungal culture (R18) from A. phaeoclavia L14 fungal culture (R26) from A. fulva  
L7 fungal culture (R13) from A. phaeoclavia L15 fungal culture (R29) from A. fulva  
L8 fungal culture (R38) from A. hastata L16 negative control (no DNA) 
 L1 L2 L3 L4 L5 L6 L7 L8 
A. 
B. 
 L9 L10 L11 L12 L13 L14 L15 L16 
1250 bp 
1250 bp 
530 bp 
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10        20        30        40        50        60 
                 -         -         -         -         -         - 
R18     CTTTATTAATAAATAAAGGAACATAGAGCGAAATTCCTTGGCCATTAAATGTGGTCCTGC 
CP2     CTTTATTAATAAATAAAGGAACATAGAGCGAAATTCCTTGGCCATTAAATGTGGTCCTGC 
R9m     CTTTATTGTGAAATAAAGGAACATAGAGCGAAATTCCTTGGCCATTAAATGTGGTCCTGC 
R29     CTTTATTGAGAAATAAAGGAACATTGAGCGAAATTCCTTGGCCATTAAATGTGGTCCTGC 
        *******   ************** *********************************** 
 
                 70        80        90        100       110       120 
                 -         -         -         -         -         - 
R18     ACGAATAATATAATGATAGTTTCACTGTCTCTACAAGTTGCTCAGCGAAATTGAAATACC 
CP2     ACGAATAATATAATGATAGTTTCACTGTCTCTACAAGTTGCTCAGCGAAATTGAAATACC 
R9m     ACGAATAATATAATGATAGTTTCACTGTCTCTACAAGTTACTCAGCGAAATTGAAATACC 
R29     ACGAATAATATAATGATAGTTTCACTGTTTCTACAAGTTACTCAGCGAAATTGAAATACC 
        **************************** ********** ******************** 
 
                 130       140       150       160       170       180 
                 -         -         -         -         -         - 
R18     CGTGAAGATGCGGGTTGCCTTCAGGTAGACGGGAAGACCCTATGCAGCTTCTACTG- 
CP2     CGTGAAGATGCGGGTTGCCTTCAGGTAGACGGGAAGACCCTATGCAGCTTCTACTG- 
R9m     CGTGAAGATGCGGGTTGCCTTCAGGTAGACGGGAAGACCCTATGCAGCTTCTACTGG 
R29     CGTGAAGATGCGGGTTGCCTTCAGGTAGATAGGAAGACCCTATGCAGCTTCTACTG- 
        ****************************** *************************  
 
 
 
 
 
Figure 6.8 Aligned mitochondrial sequences excised using ML5 and ML6 primers. 
 
R18  fungus from A. phaeoclavia (CPR18) 
CP2  fungus from the same plant of A. phaeoclavia (CPR18), but from a mixed fungal 
culture 
R9m  fungus from A. venusta (CVR9) 
R29  fungus from A. fulva (CFR29) 
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Table 6.7 Similarity matrix for homologies between mitochondrial sequences of four 
endophytes of Arachnorchis. 
 
 
 
Orchid 
Species 
Fungal ID R18 CP2 R9m R29 
A. phaeoclavia R18 100 100 97 96 
A. phaeoclavia CP2  100 97 96 
A. venusta R9m   100 96.6 
A. fulva R29    100 
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Bankera fuligineoalba (AF393093), Chroogomphus vinicolor (AD001578) and Suillus 
caevipes (AD001641) (Fig. 6.9). 
 
 
 
 
 
 
 
 
 
Figure 6.9 Phylogenetic tree of mitochondrial DNA sequences from Arachnorchis (in 
bold), obtained using ML5 and ML6 primers, showing relatedness of fungal 
samples to each other and to sequences from Genbank.  From TreeExplorer 
(Tamura, 1997). 
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6.3.4 Investigation of nuclear ribosomal DNA 
 
6.3.4.1 Sequencing of the ITS region 
The sequence obtained for R18 (377 bp) (Appendix D, Table 6.7) gave the closest (99%) 
match by BLASTn search in GenBank to Sebacina vermifera (AF202728, ex Warcup culture 
from Caladenia dilatata R. Br.) (Fig. 6.10).   
 
The best match obtained for R11 from A. robinsonii was 92% with S. vermifera, but a clear 
sequence could not be obtained.  The chromatograms (Appendix D, Table 6.8) were readable 
in some places, but showed an overlapping sequence in other areas.  ITS products from 
isolates R1 (A. tentaculata) and R9m (A. venusta - extracted from monilioid cells) were also 
sequenced, but gave overlapping sequences that were unreadable (Table 6.8) (R9m only 
Appendix D, Table 6.9). 
 
 
6.3.4.2 Design and use of specific primers 
The primer sequences produced from Prime using R18 as a template were checked by 
BLASTn search for specificity.  Sequences for the ITS region of R18, S. vermifera 
(AF202728), Pycnoporus sanguineus (AF363763, next closest match to R18), R. solani 
(AF153802), Thanatephorus cucumeris (ABO19006) and Ceratobasidium bicorne 
(AF200514) (Table 6.4) aligned to the S. vermifera, R18 and R. solani sequences respectively.  
Although species of Tulasnella have been associated with Arachnorchis, no Tulasnella ITS 
sequence was available for comparison.  BLASTn searches were also conducted using the 
primer sequences, but no other close matches were found.  The primer pairs (Sv3 F/R and Sv9 
F/R, Table 6.2) designed to be specific to R18 were used in PCR reactions with genomic 
DNA and ITS-PCR products from a range of fungi from Arachnorchis (Table 6.1). 
 
6.3.4.3 Primers specific to R18 
The primer pairs Sv9F/Sv9R and Sv3F/Sv3R both produced products of the expected size 
(407 bp and 350 bp respectively) with R18 DNA (Fig. 6.11).  The yield from Sv9F/Sv9R was 
greater than that from Sv3F/Sv3R (Fig. 6.11) and so was used in all subsequent reactions.  
The sensitivity of the primer pair Sv9F/Sv9R was at least 0.2 ng DNA (assuming 20 ng in 
“neat” DNA) (Fig. 6.12). This high sensitivity resulted in it being necessary to reduce the 
primer concentration to 0.05 µm in the reaction mixture to avoid a product of 400 bp in the 
negative controls (Fig. 6.13). 
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S. vermifera  
(AF202728)   CAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTAACGAATCGTAAGCCGGTCGACCG 
R18 (ITS1/4) ---------------------------------------------------------CCG 
                                                                      *** 
 
(AF202728)   TGCTGGCGGCAACGCACGTGCACGTCGATCGCAAACCAATCCACACACCTGTGAACGTAT 
R18          CGCTGGCGGCAACGCATGTGCACGTGGATCGCAAACCAATCCACACACCTGTGAACGTAT 
              *************** ******** ********************************** 
 
(AF202728)   GGCCTCTCGGGTCCTTTCGGACTCGGGG-CAAAACCCATTTTTACTCTGATCGTAAAGGA 
R18          GGCCTCTCGGGTCCTTTCGGACTCGGGGGCAAACCCCATTTTTACTCTGATCGTAAAGGA 
             **************************** **** ************************** 
 
(AF202728)   ATGTCTTTGCCTAAAGCGCAAAAGCAAACAACTTTCAACAACGGATCTCTTGGCTCTCGC 
R18          ATGTCTTTGCCTAAAGCGCAAAAGCAAACAACTTTCAACAACGGATCTCTTGGCTCTCGC 
             ************************************************************ 
 
(AF202728)   ATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCA 
R18          ATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCA 
             ************************************************************ 
 
(AF202728)   TCGAATCTTTGAACGCACCTTGCACCCTTTGGTATTCCGAAGGGTACGCCCGTTTGAGTG 
R18          TCGAATCTTTGAACGCACCTTGCACCCTTTGGTATTCCGAAGGGTACGCCCGTTTGAGTG 
             ************************************************************ 
 
(AF202728)   TCATTGTAATCTCACCCCCGGAATCTTTTCTGGGGAGTGGACTTGGACGTTGCAGTGTCA 
R18          TCATTGTAATCTCACCCCCGGAATCTTTTCTGGGGAGTGGACTTGGACGTTGCCGTGTCA 
             ***************************************************** ****** 
 
(AF202728)   CGGCTCGTCTGGAATGTCTCAGTGCTACCCCGCCCGTCGGCGTATACAGTGTGATAAGTA 
R18          CGGCTCGTCTGGAATGTCTCAGTGCTACCCCGCCCGTCGGCGTATACAGTGTGATAAGTA 
             ************************************************************ 
 
(AF202728)   TCTTCACTGGTCAGCTTCCTCGGAGGCGCGCTCTCGGACGGATCGGTGTGCTGCCAACCG 
R18          TCTTCACTGGTCAGCTTCCTCGGAGGCGCGCTCTCGGACGGATCGGTGTGCTGCCAACCG 
             ************************************************************ 
 
(AF202728)   TCTTCGGACAATACTCTGACGATTTGACCTCAAATCGGGTGGGACTACCCGCTGAACTTA 
R18          TCTTCGGACAATACTCTGACGATTTGACCTCAAATCGGGTGGGACTACCCCCTGAACTTA 
             ************************************************** ********* 
 
(AF202728)   A------------- 
R18          ATCATATCAATAAC 
             *              
 
 
 
 
Figure 6.10 Alignment of ITS sequences from Sebacina vermifera (AF202728) isolated 
from Caladenia dilatata and isolate R18 from Arachnorchis phaeoclavia. DNA 
was amplified using ITS1 and ITS4 primers (White et al., 1990). 
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Figure 6.11 Agarose gels (1.4%) stained with ethidium bromide of PCR products for the 
same fungal samples from Arachnorchis in each gel using the primers Sv3F / 
Sv3R (upper gel) and Sv9F / Sv9R (lower gel).  The final primer concentration 
was at 0.5 µM (too high).  The annealing temperature was 50oC (too low).  
 
L1  negative control (no DNA) 
L2  fungal culture 0167 
L3  fungal culture 0882  
L4  fungal culture from A. phaeoclavia (R18)  
L5  100-3000 bp molecular ladder 
L6  fungal culture from A. fulva (CF3) 
L7  fungal culture from A. fulva (R26)  
L8  fungal culture from A. fulva (R29)  
 
 
 
350 bp 
400 bp 
L1 L2  L3 L4 L5 L6 L7 L8 
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Figure 6.12 Agarose gel (1.4%) stained with ethidium bromide of PCR products for the 
fungal sample from R18 at different dilutions.  DNA was amplified using Sv9F 
and Sv9R, the specific primers for R18, at 0.05 µM final primer concentration.  
The annealing temperature was 55oC.  
 
L1  negative control A (no DNA) 
L2  negative control B (no DNA) 
L3  fungal culture R18 (1:100)  
L4  fungal culture R18 (1:50)  
L5  fungal culture R18 (1:10) 
L6  fungal culture R18 (1:1) 
L7  fungal culture R18 (neat) 
L8  100-1000 bp molecular ladder 
L1 L2 L3 L4 L5 L6 L7 L8 
400 bp 
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Figure 6.13 Ethidium stained agarose gel (1.4%) of PCR products from two samples: one 
plant sample from Arachnorchis fulva and one fungal sample from R18.  
Samples were amplified using Sv9F and Sv9R, the specific primers for R18, at 
different final primer concentrations.  The annealing temperature was 55oC.  
 
L1  negative control (no DNA) (0.25 µM) L9 negative control (no DNA) (0.1 µM)  
L2  plant DNA (A. fulva)  (0.25 µM) L10  plant DNA (A. fulva)  (0.1 µM) 
L3  fungal culture R18  (0.25 µM)  L11  fungal culture R18  (0.1 µM) 
L4  negative control (no DNA) (0.05 µM) L12  molecular ladder (100-1000 bp) 
L5  plant DNA (A. fulva)  (0.05 µM) 
L6  fungal culture R18  (0.05 µM) 
L7  molecular ladder (100-1000 bp) 
L1  L2 L3 L4 L5 L6 L7 
L9 L10 L11 L12 
400 bp 
400 bp 
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All samples of genomic DNA from fungi isolated from Arachnorchis produced a single 407 
bp product with the primer pair Sv9F/Sv9R (Fig. 6.14).  Sequencing of these products was 
successful (Appendix D, Tables 6.10-6.19), but sequences varied from 277 to 396 bp in 
length. Sequences, truncated to 187 bp, (positions 124-310 inclusive, Fig. 6.15) were either 
96% or 100% homologous to other sequences (Figure 6.16) and most of the sequence left was 
from the 5.8S ribosomal RNA gene. 
 
When the sequences were truncated between positions 84-355 inclusively (Fig. 6.15) the 
length of the sequences was increased to 263-270 bp and contained more of the ITS regions.  
These sequences fell into three groups (Table 6.9) with high (97-99%) homology within each 
group: Group 1 sequences (R1, R13, R18, CT4) were 99% similar to the GenBank sequence 
(AF202728) for S. vermifera, were 99-100% similar to one another and were all from fungi 
isolated from A. tentaculata and A. phaeoclavia.  Group 2 sequences (R11, CV5, R38) were 
only 33-34% similar to AF202728, were 97-100% similar to one another and were isolated 
from A. robinsonii, A. venusta and A. hastata respectively.  The third group contained the 
sequences R26, R29 and R9m, which were only 29-30% similar to AF202728, were 99-100% 
similar to one another and were isolated from A. fulva or A. venusta.  A phylogenetic tree 
from the alignments confirmed this separation into three groups of high internal similarity 
(Fig. 6.17) and showed Groups 2 and 3 more closely similar to one another than either to 
Group 1.  It also showed that all were more closely matched internally than to other species of 
Sebacinoid, Rhizoctonia or basidiomycete fungi.  
 
Both specific primers were needed for a single reaction product, but some samples did not 
give any band.  The use of only one specific primer (Sv9F) and ITS4 resulted in multiple 
banding patterns for all samples of fungal DNA from Arachnorchis plants and the negative 
control remained clear at primer concentrations of 0.5 µM (Fig. 6.18), rather than 0.05 µM as 
when two specific primers were used.  Samples of fungi from A. tentaculata and A. 
phaeoclavia showed many bands of between 300 and over 1000 bp.  A clear band at the 
expected product size of 570 bp was, however, found in samples of fungi from A. venusta, A. 
fulva and A. hastata.  The sample from A. robinsonii showed the clearest band at about 900 
bp.  Genomic DNA from 0167 and plant DNA from A. fulva produced no PCR product with 
this primer combination.  Three groups could be distinguished using these banding patterns.  
The groups consisted of the following fungal samples: Group 1 (CP2, R13, R18, R1, CT2, 
CT3, CT4), Group 2 (CV4, CV5, R9, R9m, CF3, R26, R29, R38) and Group 3 (R11). 
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Figure 6.14 Ethidium bromide stained agarose gel (1.4%) of PCR products from fungal 
samples isolated from Arachnorchis plants.  Samples were amplified using 
Sv9F and Sv9R, the specific primers for R18, at 0.05 µM final primer 
concentration.  The annealing temperature was 55oC.  
 
L1  negative control (no DNA) L9 fungal culture (R18) from A. phaeoclavia 
L2  plant DNA from A. fulva leaf  L10  fungal culture (CP2) from A. phaeoclavia 
L3  fungal culture (R18) from A. phaeoclavia L11  fungal culture (R13) from A. phaeoclavia  
L4  fungal culture (CT4) from A. tentaculata L12  fungal culture (R1) from A. tentaculata  
L5  fungal culture (R11) from A. robinsonii  L13 fungal culture (R38) from A. hastata 
L6  fungal culture (CV5) from A. venusta  L14 fungal culture (R9) from A. venusta 
L7  fungal culture (R26) from A. fulva  L15 fungal culture (R29) from A. fulva 
L8 molecular ladder (100-1000 bp) L16 molecular ladder (100-1000 bp) 
 
400 bp 
400 bp 
L1 L2 L3 L4 L5 L6 L7 L8 
L9 L10 L11 L12 L13 L14 L15 L16 
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Figure 6.16 Phylogenetic tree of truncated DNA sequences (187 bp), obtained using R18 
specific primers, showing relatedness of fungal samples to each other.  From 
TREEVIEW (Page, 1998). 
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Figure 6.17 Phylogenetic tree of truncated DNA sequences (263-270 bp) showing 
relatedness of fungal samples to each other and to sequences from Genbank.  
Fungal sequences from Arachnorchis (in bold) were obtained using R18 
specific primers.  From TreeExplorer (Tamura, 1997). 
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Figure 6.18 Agarose gel (1.4%) stained with ethidium bromide of PCR products for DNA 
samples from fungal cultures and Arachnorchis fulva.  DNA was amplified 
using the Sv9F and ITS4 primers at 0.5 µM final primer concentration.  The 
annealing temperature was 55oC.  
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6.3.4.4 Primers specific to Ceratobasidium cornigerum (0167) 
Testing for R. solani followed the same procedure as for S. vermifera.  A final primer 
concentration of 0.4 µM was too great, resulting in weak bands in the negative samples, but a 
reduction to 0.05 µM resulted in clear negative controls (Fig. 6.19).  The positive control 
(0167, ex Warcup culture from a Pterostylis orchid) gave a strong positive reaction, with an 
expected band size of 400 bp when primed with the RsF/RsR primer combination (Fig. 6.18).  
This product was sequenced with its highest (96%) match to Rhizoctonia sp. using the NCBI 
BLASTn search (Appendix D, Table 6.20).  When DNA from Arachnorchis fungal isolates 
was tested with the primers for 0167, no product was found.  Plant DNA from A. fulva was 
also negative for R. solani.   
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Figure 6.19 Agarose gel (1.4%) stained with ethidium bromide of PCR products for fungal 
samples from Arachnorchis plants.  DNA was amplified using RsF and RsR, 
the specific primers for Rhizoctonia solani (0167)(Thanatephorus cucumeris) 
at 0.05 µM final primer concentration.  The annealing temperature was 55oC.  
Plant DNA from Arachnorchis fulva leaves was used as the negative plant 
control. 
 
L1  negative control (no DNA) L9 
L2  plant DNA A. fulva  L10  
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L7  fungal culture R26  L15  
L8  molecular ladder (100-1000 bp) L16  
positive control R. solani (0167) 
fungal culture CP2  
fungal culture R13 
fungal culture R1 
fungal culture R38  
fungal culture R9  
fungal culture R29  
molecular ladder (100-1000 bp) 
L1 L2 L3 L4 L5 L6 L7 L8 
L9 L10 L11 L12 L13 L14 L15 L16 
400 bp 
400 bp 
  
 
 
411 
6.4 DISCUSSION 
6.4.1 Mixed cultures and germination 
The R18 isolate from A. phaeoclavia was 99% similar to Sebacina vermifera and confirmed 
the results gained by Warcup in 1971 who used morphological identification methods.  Only 
the R18 culture gave relatively consistent and good results during germination testing, 
compared with most other cultures that were poor or unpredictable.  The confirmation from 
these molecular methods that the R18 culture was the only culture of a single fungus would 
help to explain this observation.  Sequences of DNA similar to R18 (99.6 – 100%) were found 
in the samples of fungal DNA from A. tentaculata and A. phaeoclavia.  This might explain 
why all of these isolates were effective at germinating seeds.  Although not identical to the 
R18 isolate, the ability to effectively germinate orchid seeds still existed.  Possible 
explanations for this include the presence of a second closely related species of fungus, or 
even the presence of parasexual recombination, where nuclei from the same fungus have 
different DNA (K. Dixon, KPBG, pers. comm.).  These isolates were inconsistent over time.  
Similar to Gardes et al. (1991) RFLP analysis showed that co-amplification of DNA occurred 
using universal ITS primers (White et al., 1990).  Unsuccessful direct sequencing of the 
products from these primers confirmed that all of these isolates were either mixtures of 
several fungi or nuclei of different genotype.  The difference in the DNA might explain the 
inconsistency of germination.   
 
Over time, subcultures were taken to keep the isolate in an active state of growth.  During the 
subculturing process, it was likely that different proportions of the fungal mixture were taken 
at each subculturing event.  Sometimes more of the effective fungi would be cultured, 
probably leading to good germination with the subculture and at other times more of the 
ineffective fungi would be subcultured leading to poor germination results.  The difficulties 
with keeping these mixed cultures effective probably relates to S. vermifera being a poor 
competitor with a slow rate of growth (Warcup, 1971).  Hence, in mixed cultures, there would 
be a much higher probability of a more robust pathogenic or non-efficacious fungus reaching 
the seeds first, before the seeds could germinate.  Only a return to using the original cultures 
prevented the ineffective subcultures from dominating the collection. 
 
In the mixed cultures of fungi it is impossible to tell which fungus is the one responsible for 
germinating the orchid seeds.  The R18 fungus was responsible for germinating the seeds of  
A. tentaculata, A. phaeoclavia and Glossodia major.  The DNA sequence of S. vermifera in 
the nrDNA database (GenBank) came from A. dilatata.  This fungus germinated seeds of a 
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range of Caladenia species and those of Glossodia major also (Warcup, 1971).  It is likely 
that the fungi from mixed cultures from A. tentaculata and A. phaeoclavia, but very similar to 
the R18 fungus, were also responsible for germinating seeds.  However, the inability of the 
R18 fungus to germinate seeds of a wide range of Arachnorchis species (Chapter 3, Table 3.7) 
suggests that different species of orchid within the same genus require different strains of this 
fungus, or different fungi.   
 
A different group of fungi from those isolated from A. tentaculata and A. phaeoclavia was 
isolated from A. venusta, A. fulva, A. hastata and A. robinsonii plants.  These fungi were 
closely related to each other, but only 88 – 89.1% similar to S. vermifera and only slightly 
more similar to the R18 sequence.  No matches were found for these sequences in the 
GenBank database.  All of these isolates gave inconsistent results in germination trials.  The 
fungal isolates from A. fulva were the least effective at germinating Arachnorchis seeds, and 
were the least similar of this group to the effective fungal isolates from A. tentaculata and  
A. phaeoclavia.   
 
No conclusion can be drawn from the dissimilarity of the fungal sequences to R18 isolated 
from A. venusta, A. fulva, A. hastata and A. robinsonii plants.  These fungi may or may not be 
responsible for germinating seeds.  The cultures did contain a fungus or fungi capable of 
germinating seeds, and so the possibility exists that the fungi that were sequenced were the 
ones that germinated the seeds.  However, it is also likely that the fungus that was sequenced 
was the one dominating the mixed culture.  It is unlikely that this fungus was responsible for 
germinating seeds, otherwise one would have expected good, rather than very poor, 
germination results.  
 
In Arachnorchis, there does not appear to be one fungus that is able to germinate a range of 
species effectively.  However, the unidentified culture from A. robinsonii was able to 
germinate some seeds and support the normal growth of small numbers of protocorms from a 
wide range of Arachnorchis species.  This culture included several fungi since the culture 
could not be sequenced using ITS or ML universal primer combinations (White et al., 1990).  
The morphology of these cultures was quite different from other Arachnorchis fungal cultures 
and so there exists the possibility that this may have contained a strain of fungus with more 
general abilities to germinate seeds.  In general though, it appears that different strains of 
fungi or different species of fungi are required for different species of orchid (or groups of 
orchids). 
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6.4.2 Primers specific to R18  
The primers that were designed to amplify sequences similar to the R18 sequence were very 
successful at obtaining sequence data for all samples of fungal DNA from Arachnorchis 
plants.  Sequences were obtained for those samples that had failed to sequence after 
amplification with other primer combinations.  Every fungal sample from an Arachnorchis 
plant tested positive for fungi similar to the R18 isolate.  The DNA samples from A. fulva 
leaves (plant DNA) and R. solani tested negative.  The R18 specific primers were extremely 
sensitive at concentrations as low as 0.05 µM and could successfully amplify DNA from very 
dilute genomic DNA samples.  The effectiveness of these primers now provides an essential 
tool for searching the natural environment for fungi associated with Arachnorchis, thus, 
making it possible to amplify DNA samples from plants associated with Arachnorchis, for 
example the Flame Heath (Astroloma conostephioides).  Flame Heath has ericoid mycorrhiza 
formed by ascomycetous fungi unrelated to the basidiomycetous fungi forming mycorrhizae 
on orchids, but basidiomycetous hyphae have occasionally been observed in micrographs of 
ericoid roots (Allen et al., 1989).  A positive result using internal tissues of the Flame Heath 
would indicate that this epacrid not only provided protection from grazing to the orchid, but 
might also form an intimate relationship with a fungus endophytic to Arachnorchis plants.  
Analysis using transmission electron microscopy would be needed to confirm this and the 
roots of Flame Heath nearest the soil surface would be the most likely test material. 
 
When cultures contain a mix of basidiomycete fungi or nuclei, it is extremely difficult to 
obtain useful molecular data (e.g. fungi from A. robinsonii, R11), but the current project 
confirmed the usefulness of specific primers for amplifying particular fungal groups 
(Redecker, 2000).  Fungi similar to S. vermifera were found in the tissues of A. tentaculata, A. 
phaeoclavia, A. venusta, A. fulva, A. hastata, and A. robinsonii using specific primers.  Now 
that sequence data have been obtained for other groups of fungi within Arachnorchis, primers 
can be redesigned to exclude the additional groups and selectively amplify fungi even more 
closely related to the known taxon, S. vermifera.  If a wide range of orchid taxa was tested, 
the reported specificity of S. vermifera to Arachnorchis, and closely related orchids, could be 
independently verified, lending weight to the specificity argument for Australian species (e.g. 
Bougoure et al., 2005).  Similar to Redecker (2000), the direct use of orchid tissue would 
remove the time-consuming necessity of isolating and culturing fungi for molecular 
examination, thereby speeding up the process of mycorrhizal fungal sequencing and 
identification.   
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6.4.3 Relationships between orchids and fungi 
The similarities between the mycorrhizal fungi, using sequence data, are therefore not 
surprising, since the orchid hosts are very closely related and belong to the same taxonomic 
group (section Calonema).  The RFLP investigation of fungi from the six species of 
Arachnorchis indicated the three distinct groups shown subsequently by the sequence data.  
The fungi from A. tentaculata and A. phaeoclavia gave very similar banding patterns during 
RFLP analysis and formed one group.  Until recently (1991), these two species of orchid were 
contained within the C. dilatata R. Br. complex and often have sympatric distributions.  The 
A. dilatata complex was split to produce a number of species including A. tentaculata and A. 
phaeoclavia (Clements, 1989; Jones, 1991).  Several other species have also been split from 
the A. dilatata complex (e.g. Jones, 1997) and it would be interesting to examine the fungi 
from these orchids. 
 
A second group contained the fungi from A. venusta, A. fulva and A. hastata.  Fungi from A. 
robinsonii made up the third group.  Arachnorchis venusta and A. fulva belong to the same 
taxonomic group (C. patersonii group) and the fungal DNA sequences from these orchids 
were more similar to each other (99.3%) than to the fungi from any of the other orchid 
species.  A. hastata and A. robinsonii are classified together into another taxonomic group  
(C. reticulata group).  However, the fungal DNA sequences isolated from these two orchids 
did not support this classification.  The fungus isolated from A. hastata was more similar 
(99.3%) to the fungi isolated from A. venusta, whereas the fungus isolated from A. robinsonii 
was more similar (98.9%) to the fungi isolated from A. fulva.  
 
In culture, the morphologies of the fungal cultures isolated from A. robinsonii were distinct 
from all other cultures, but the RFLP results did not strongly reinforce this observation. 
 
6.4.4 Mitochondrial primers 
The sequences obtained from mitochondrial DNA matched most closely to the R18 
mitochondrial sequence, although there was no S. vermifera mitochondrial sequence in the 
GenBank database for comparison.  For a few fungal DNA samples from multi-taxon fungal 
cultures, the use of mitochondrial primers instead of ITS primers resulted in sequence data.  
Mitochondrial DNA evolves more slowly in fungi than do the ITS regions and so the 
mitochondrial sequences from closely related fungi are likely to appear the same.  However, 
when ITS primers fail or in the absence of specific primers, mitochondrial primers would be 
advantageous as a screening tool.  Fungi from mixed cultures could be identified as 
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completely unrelated or from a group of related fungi or nuclei.  Specific primers could then 
be developed, potentially identifying this group of fungi to “species”.  
 
 
6.4.5 The need for cultures of one fungus 
Concentrating on fungal cultures from pelotons does not alleviate the difficulties with mixed 
cultures.  Kristiansen et al. (2001) found that although some pelotons yielded single fungi, 
others were composed of several.  The results gained in this section confirm this observation 
and it was only after the R18 culture was regenerated from a single monilioid cell that 
sequencing was achieved with both ITS and ML primers.  Unfortunately, it took many months 
before monilioid cells were observed on the surface of agar plates and could be harvested.  
Other difficulties were associated with the minute nature of monilioid cells from these fungi 
and the problems with selecting only a single cell.   
 
Some cultures, particularly those from A. venusta, A. fulva and A. robinsonii did not produce 
monilioid cells that were readily obtainable.  Regeneration of single hyphal tips failed for all 
of these fungi.  To increase the likelihood of obtaining useful sequence information, future 
studies should concentrate on obtaining single organism cultures.  This might be achieved 
more easily by a combination of growing cultures in liquid media and then using a dilution 
technique to obtain individual cells or hyphal fragments from the growing edge of the culture.  
It was concluded that cells and fragments desiccated and perished using the attempted 
methods, but with this “liquid” technique, desiccation would not occur.  
 
6.4.6 Identification – the need for better databases 
Problems associated with ITS sequence matching were encountered with this group of fungi.  
Very few fungal sequences in the GenBank and EMBL databases related to Australian 
orchids.  Apart from a 99% match to S. vermifera, the next closest match for R18 was an 82% 
match to Pycnoporus sanguineus (AF363763).  Both fungi belong to the Hymenomycetes 
within Basidiomycota, but are only distantly related.  Pycnoporus is in the order Agaricales, 
Homobasidiomycetes, whereas Sebacina is in the order Auriculariales, Heterobasidiomycetes 
(National Centre for Biotechnology Information web site; www3.ncbi.nlm.nih.gov).  Matches 
of only 86% for mitochondrial sequences show that the GenBank mitochondrial database is in 
a similarly poor state in relation to these fungi. 
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Further investigation of the DNA from fungi endophytic to orchids is required to increase the 
number of sequences in each database.  As more sequences are entered into the database, 
more accurate identifications will result.  The only reliable culture for germinating 
Arachnorchis seeds (R18) was identified as S. vermifera from a single sequence lodged in the 
database (Warcup and Talbot, 1967).  The other fungi could not be identified, but were 
grouped based on sequence homologies.  Molecular techniques can confirm whether cultures 
are single organisms and this knowledge will assist greatly in obtaining accurate 
morphological descriptions, as well as sequence data, for each species of fungus.  The 
molecular techniques have also shown that the anecdotal evidence of mixed cultures, based on 
culture morphology and variable germination of orchid seeds, actually has a basis in the 
confirmation of peloton isolations often being of several fungi.  These techniques also provide 
strong evidence for the specificity argument that closely related fungi are endophytic to 
groups of closely related orchids. 
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7.1 GENERAL DISCUSSION 
This study has greatly increased knowledge of Arachnorchis species and shown that methods 
used with common species are just as applicable for use with threatened species.  All species 
of Arachnorchis studied (threatened and common) were found at sites with similar vegetation 
and rainfall pattern, with several sites having both groups of orchid present.  For populations 
of Arachnorchis to survive, plants had to be large enough to flower and had to set seed.  
Robust plants of A. fulva with large leaf area and width were most likely to flower and once in 
this state were highly likely to remain as flowering plants in the population, even when severe 
grazing or collar collection occurred.   
 
7.1.1 Collar collection 
Prior to this study, it was widely believed that collar collection might kill the plant, and so to 
avoid this possibility, removal of collars from wild plants of Arachnorchis fulva was best 
done after August when the replacement tuber had already commenced growth.  From an 
endangered population perspective, it was best to remove collars from plants that showed the 
development of a flower bud (or after a plant had produced seeds).  Such plants emerged and 
flowered in subsequent years, indicating that the tuber had sufficient reserves to cope with the 
complete removal of the photosynthetic component of nutrition.  The removal of a collar after 
seed set had the lowest risk as the replacement tuber was already fully formed.  Small plants 
were best avoided since they were unlikely to flower (identification issue) and environmental 
conditions had the combined effect of keeping plants in a non-flowering state or dormancy, or 
led to possible death.  For these reasons, seed collection or collection of collar material for 
extracting mycorrhizal fungi should be limited to robust, reproductive plants that are able to 
recover quickly from such events.   
 
7.1.2 Seed collection 
Arachnorchis fulva was pollination-limited and low seed set probably contributes to the rarity 
of this species.  This is possibly related to low numbers of pollinators in the environment.  
Cross-pollination of flowers was necessary to provide sufficient seed for experiments and 
cross-pollinated flowers produced more viable seed than self-pollinated flowers, similar to 
results obtained for other species of Arachnorchis (Bickerton, 1998).  It was important to 
protect flowers from grazing and then “bag” the developing capsules to prevent seed loss.  
Seed capsules usually matured within 4 weeks for all species tested.  After capsules were 
collected it was critical that seeds were completely dry prior to storage, to prevent 
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unrecoverable contamination of seeds by fungi such as Penicillium.  Storage at 4oC in a 
refrigerator was sufficient to maintain viability for at least 12 months. 
 
7.1.3 Surface-sterilisation of seeds 
Arachnorchis seeds were viable and had the potential to germinate at high levels, providing 
that care was taken when surface-sterilising the seeds for in vitro culture.  Germination was 
optimised when seeds were surface-sterilised using 0.5% available chlorine for 3 min, 
comparable with Clements and Ellyard (1979).  Although this procedure was suitable for the 
species examined by this thesis, sensitivity to surface-sterilisation should be tested for each 
individual species.  The concentration of sterilant and the amount of time that the seeds were 
exposed to this solution had far-reaching implications.  Concentrations of 1% available 
chlorine were too severe and resulted in high levels of embryo mortality.  Poor levels of 
germination achieved for this genus in the past (Warcup, 1971; Marven, 1996; Lucas, 1997; 
Batty et al., 2001a) might, in some cases, be directly related to the methods used to surface-
sterilise the seeds. 
 
7.1.4 Germination 
The present studies have shown that symbiotic propagation of threatened and common 
Arachnorchis plants is possible.  When combined with an effective fungus, germination 
(Stage 3 protocorm Clements et al., 1986) commonly exceeded 50%, but it was uncommon to 
isolate highly effective fungi from many of the species of orchid studied.  All species of 
Arachnorchis that were germinated grew well on a filter paper raft on oatmeal medium 
(Warcup, 1981).  In general, fungi isolated from an orchid germinated the seeds of that orchid 
better than the seeds of other species of orchid.  However, the isolate CALAPHAER18 from 
an A. phaeoclavia plant germinated the seeds of Glossodia major and A. tentaculata just as 
well as it germinated the seeds of A. phaeoclavia, and germination of G. major was better 
with this fungus than with two isolated from G. major plants.  The symbiosis with A. 
tentaculata seeds failed at the point of early Stage 4 protocorms, whereas the G. major 
symbiosis failed when seedlings were late Stage 4 protocorms, just prior to dropper initiation.  
Similar to other orchids (Rasmussen, 1995), fungi that gave high germination levels were not 
necessarily effective at sustaining seedling growth in Arachnorchis or Glossodia.  
 
The effect of month of collection on germination level was inconclusive.  There was some 
suggestion that November and June were more likely to yield effective fungi, but this result 
was influenced greatly by the most effective cultures being isolated from a subset of these 
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months.  There were few other cultures to compare with for these months and these effective 
cultures may have been the result of a chance event rather than relating to time of year or 
stage of the orchid plant.  Further systematic study of this area is needed to clarify the 
situation. 
 
7.1.5 Sucrose in in-vitro media 
Sucrose in agar medium promoted tuber production, but compromised chlorophyll and leaf 
growth.  Sucrose with a aerated medium promoted survival and increased leaf length.  When 
carbohydrates were not readily available from the media using the heterotrophic pathway, it is 
suggested that the orchid relied more on autotrophism and the leaf became the dominant 
means of providing carbohydrates.  Hence, the leaves of seedlings in agar media without 
sucrose were green and probably functioning in photosynthesis.  It is possible that once 
sufficient reserves are accessed, dropper development switches to tuber production and these 
reserves are then channelled into the developing tuber.   
 
Arachnorchis, being a deciduous orchid, is adapted to storing food reserves in the tuber for 
survival rather than continuing to grow vegetatively.  The formation of tubers was probably 
linked to the amount of growth that occurred in vitro and after deflasking.  Seedlings with an 
obviously healthy green leaf continued to grow and presumably sequester carbohydrate, 
potentially forming a tuber prior to dormancy.  However, seedlings without a green leaf were 
solely dependent on the fungus for nutrition and often died prior to tuber formation, 
suggesting that insufficient carbohydrates had been obtained.  The greater number of tubers 
produced from 10 g/L sucrose, however, particularly from seedlings without a green leaf, 
suggests that the leaf is not always necessary for the development of a tuber.  Although 
unnecessary under some conditions, it was usual that if there was little evidence of a green 
leaf after deflasking then there was also little evidence that tubers formed.  Sucrose was 
utilised by Arachnorchis orchids and could be used to increase tuberisation, but the optimum 
concentration of sucrose was dependent on the substrate used.  Other forms of carbohydrate, 
nutrients or chemicals (e.g. Debeljak et al., 2002) might prove more useful for increasing 
tuberisation while maintaining leaf health. 
 
The demise of tubers over the summer dormancy period was also possibly linked to sucrose 
concentration.  More tubers rotted during dormancy of seedlings deflasked from agar with 
sucrose than deflasked from agar without sucrose.  It is possible that a higher concentration of 
sucrose in agar made the tissues of the tuber more susceptible to pathogens.  High 
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concentrations of sucrose in the preceding medium might interfere with tuber defence 
mechanisms.  Tubers remain free from pathogenic infection in the wild, but Warcup (1971) 
found that Penicillium and other fungi were common inhabitants of the sheath-like coating on 
tubers of Arachnorchis. 
 
7.1.6 Aerated substrates to improve deflasking success 
Survival of Arachnorchis seedlings in excess of 10% after deflasking was possible for a range 
of species.  More than 81% of seedlings remained alive 3 months after deflasking.  Up to 80% 
of seedlings could survive the summer dormancy period.  However, to achieve such rates it 
was generally necessary to use substrates other than agar.  Aerated substrates overcame the 
problems associated with an agar medium.  Although seedlings grew well in agar media, 
survival after deflasking was, in general, extremely poor.  It was almost impossible to remove 
all traces of agar from the seedlings without damaging the dropper structure or root hairs.  
Agar still adhering to the seedling when it was planted into non-sterile soil potentially became 
the site of attack by facultative pathogens.  Aerated substrates were taken straight from the 
sterile container with the seedling and planted into soil.  Disturbance to the seedling was 
reduced and there was no need to wash medium from the seedling.  
 
Most aerated substrates were equal to agar for seedling growth, but cellulose sponge, raw 
cotton and Yates® wool liner improved on agar for different species.  Substrates that 
compacted in the culture tubes, e.g. raw cotton, should be avoided since poor seedling growth 
resulted.  Substrates such as cellulose sponge that retained their structure and provided an 
additional carbon source for the fungus were used with success.  Cellulose sponge was easily 
broken down in soil after 12 months.  Other substrates that incorporate cellulose such as 
‘Florialite’ (vermiculite/cellulose fibre) and ‘Sorbarod’ (cellulose plug) (Afreen-zobayed et 
al., 1999) should be investigated for Arachnorchis as well as the scoria/rice hulls medium.  
Development of seedlings in a scoria/rice hulls medium appeared more natural and robust 
than the tested aerated substrates and this medium shows great potential for future 
propagation studies on Arachnorchis species.  
 
Deflasking of Arachnorchis seedlings from aerated substrates avoided the huge losses of 
seedlings traditionally seen when deflasking from agar.  More than 81% of seedlings 
deflasked from cellulose sponge maintained a green leaf 3 months after deflasking.   It was 
important that seedlings were in an active state of growth when deflasked for the majority of 
seedlings to maintain a green leaf and continue leaf growth.  Survival and continued growth 
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after deflasking were possibly related to reduced transplant shock.  Even Stage 4 protocorms 
deflasked directly from germination plates survived well, with more than 58% of seedlings 
maintaining a green leaf 3 months after deflasking.  Seedlings deflasked from aerated 
substrates and directly from germination plates were easily planted, complete with the 
substrate or filter paper, and this reduced breakage of root hairs and kept most of the orchid-
fungus connections intact.  A more systematic comparison between agar and aerated 
substrates is required for terrestrial orchids, with all deflasked seedlings in a state of active-
growth.  The use of more easily germinated species, including genera other than 
Arachnorchis, would be necessary to provide sufficient seedlings to make the results 
unequivocal and to test generalisations to other terrestrial orchids.  However, there would be 
the obvious disadvantage of results not necessarily being directly applicable to Arachnorchis. 
 
7.1.7 Tuber formation and survival 
Tuber formation and therefore re-emergence was greatly improved by growing seedlings for a 
period in vitro rather than deflasking directly from germination plates.  Up to 80% re-
emergence was possible for seedlings of A. tentaculata deflasked from cellulose sponge. 
Transfer of 2nd-year seedlings was successful when leaves had only recently emerged for the 
first time after dormancy (<2 cm).  This is probably because no roots had yet formed and 
transplant shock was low. 
 
Tuber production was greater in RBG terrestrial orchid mix, based on the mix developed by 
the Australian Native Orchid Society (ANOS) (Richards et al., 1988), than from other mixes.  
Organic material was necessary in the potting mix for robust growth of seedlings, but the 
inclusion of easily digestible carbon such as oatmeal in the potting mix proved fatal, with the 
mix overrun by pathogens.  Exclusion of all organic material, however, led to suspected 
nutritional deficiencies as shown by leaf chlorosis.  Increased tuber production from RBG 
terrestrial orchid mix possibly related to better nutrition of the orchid/fungus from the more 
complex RBG terrestrial orchid mix.   
 
The most successful soil mixture for the active growth phase of seedlings after dormancy 
appeared to be the RBG terrestrial orchid mix.  It provided a free-draining, open mix, but care 
needed to be exercised that it did not dry out fully during periods of active growth, as the soil 
mix was difficult to remoisten.  On the other hand, the RBG terrestrial orchid mix was prone 
to drying out on the surface of the pot and gave the false impression that the pot needed 
watering.  Rotting of tubers was probably related to overwatering.  To avoid problems of 
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rotted tubers associated with organic material (Nash, 1970a), it is suggested that the RBG 
terrestrial orchid mix, with its high organic content, is only required in the top 3-4 cm of soil 
where the mycorrhizal fungus was located and that a nutrient-poor, free-draining medium 
such as sand be used in the layers where tubers form.   
 
Arachnorchis tubers were extremely resistant to desiccation, with survival of tubers on the 
soil surface observed.  Such evidence reinforces the recommendation that dormant tubers are 
not watered.  Threatened or common species of Arachnorchis were equally susceptible to 
tubers rotting.  Potted collections of mature tubers (not reported in Results) appeared to 
survive dormancy better if no watering at all was given during dormancy or when tubers were 
encased in a small region of fine, pure silica sand.  The reasons for this are possibly two-fold.  
Firstly, the absence of moisture during the dormancy period prevented pathogenic attack of 
the tuber and secondly, a reduction in organic matter probably reduced pathogen populations.   
 
Survival of symbiotic seedlings in the garden bed was poor over time and could not be 
compared with survival in a natural setting.  The soil used was richer and differed in pH than 
soils at field sites and probably contributed to poor survival of seedlings.  The location of the 
garden bed, surrounded by green lawns, also meant indirect watering occurred during summer 
when lawns were kept alive.  Watering regimes that keep tubers dry during summer 
dormancy, but provide adequate moisture during the growing season (April-November) would 
be likely to contribute to producing large, robust plants capable of flowering annually. 
 
7.1.8 Common vs threatened species of Arachnorchis 
Seedlings of other species behaved similarly to A. tentaculata in vitro and upon deflasking, 
confirming that methods tested on common species are appropriate for threatened species as 
well. Deflasking was successful for a range of threatened species and the proportion of re-
emerged plants was similar to that of common species.  The similarities between common and 
threatened species probably relate to the common life-cycle of both groups.  True roots were 
not formed in the first year of growth since the dropper elongated, terminated in a tuber and 
then collapsed as the plant entered dormancy.  When the tuber reactivated after dormancy, a 
new shoot was extended up through the old dropper remains.  It is probable that the orchid is 
re-infected with the mycorrhizal fungus from this old dropper material as suggested by Huynh 
et al. (2004).  Warcup (1971) did not isolate mycorrhizal endophytes from Arachnorchis 
(Caladenia) tubers, but he noted that these tubers were difficult to work with because of the 
presence of other fungi in the old tuber/sheath remains. 
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After the shoot reached the surface, leaf expansion occurred and later “true roots” developed.  
None of the species examined produced many true roots.  The roots always appeared fragile 
and were usually encased in soil particles, possibly as a consequence of root hair and fungal 
mycelia interaction.  Although flowering was not expected until year 5 or 6, some plants of A. 
tentaculata flowered at 17 months from seed.  However, for most species e.g. A. robinsonii, 
A. venusta and A. amoena, and including A. tentaculata, flowering was not common until the 
third year from seed. 
 
7.1.9 Fungal morphology 
Fungi isolated from Arachnorchis species could be placed into four groups based on culture 
morphology.  Cultures from A. phaeoclavia and A. tentaculata were very similar and formed 
Group A.  Several cultures from A. fulva and two from A. tentaculata were also distinct and 
formed Group B.  Cultures from A. amoena, A.venusta and some from A. fulva shared 
similarities with Groups A and B.  Group C consisted of cultures from A. clavigera and A. 
hastata, but there were similarities with Group A cultures for all Group C cultures.  Cultures 
from A. robinsonii were quite different (Group D), but re-isolation of the fungi from a 
germinated protocorm suggested similarities with Group A cultures and aging of cultures for 
more than 12 months suggested similarities with Group B cultures. 
 
All cultures had the following in common, particularly the lack of features: clamp connections 
wee absent, none were observed to sporulate in culture, all actively growing cultures lacked 
distinct pigmentation, all hyphae were of fine diameter, all had monilioid cells and all cultures 
had areas that were matt waxy-looking.  Differences among cultures were snowy clusters of 
monilioid cells free of the agar surface for Group A cultures; hard, compact clusters of 
monilioid cells that aged to an orange-ochre color for Group B cultures; rapid, ropey hyphal 
growth along the surface of the agar (i.e. a film of hyphae) with few monilioid cells for Group 
C cultures and distinct growth rings for Group D cultures.  None of these characters was 
sufficient to uniquely identify a culture, but they did suggest the possibility that cultures were 
composed of more than one rhizoctonia and Warcup (1981) had already shown that S. 
vermifera is capable of co-existing with other endophytes within the same orchid. 
 
The most effective fungal group for germinating seeds was Group A, commonly isolated from 
A. tentaculata and A. phaeoclavia.  Other groups did germinate seeds, but were not as 
effective or consistent as Group A cultures.  Germination using the Group A fungus 
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CALAPHAER18 was effective with three species of orchid: A. tentaculata, A. phaeoclavia 
and G. major.  Warcup (1981) described a similar result with G. major and C. dilatata and 
this suggests that a single fungus can stimulate germination across a group of orchids.  
However, since both of these cross-species inoculations failed at Stage 4 of development it 
appears that specificity might still be operating, but is not enacted until later in the orchid’s 
development.   
 
Cultures isolated from A. fulva (Group B/A), A. venusta (Group B/A), A. hastata (Group C/A) 
and A. robinsonii (Group D/A) were moderately effective at germinating the seeds from each 
respective orchid, but results were inconsistent and fungal cultures appeared to contain 
morphologically dissimilar fungi.  The fungal cultures isolated from A. fulva (Group B) and A. 
clavigera (Group C/A) plants were poor at germinating seeds from those orchids and 
appeared morphologically different from cultures producing greater germination with other 
species.  Future studies with A. fulva, a species difficult to germinate or isolate effective fungi 
from, should concentrate on isolating fungi from robust flowering plants and re-isolation of 
fungi from any protocorms that develop in vitro.  Testing of A. fulva seeds with fungal 
cultures from a wide range of orchid species is unlikely to result in long-term compatibility in 
seedlings.  
 
7.1.10 Molecular examination 
Molecular examination of fungi endophytic with Arachnorchis species confirmed that most 
cultures contained more than one fungus and that some of these fungi were most closely 
related to Serendipita vermifera (Warcup and Talbot, 1967; Roberts, 1993).  Further 
investigation of the DNA from fungi endophytic to orchids is required to increase the number 
of sequences in databases.  As more sequences are entered into the databases, more accurate 
identifications will result.  Molecular techniques can confirm if cultures are single organisms 
and this knowledge will assist greatly in obtaining accurate morphological descriptions, as 
well as sequence data, for each strain of fungus.  The molecular techniques have also shown 
that the common anecdotal evidence of mixed cultures, based on culture morphology and 
variable germination of orchid seeds, has a basis in that the peloton isolations often contained 
several fungi as shown by Kristiansen et al. (2001).  These techniques also provide strong 
evidence for the specificity argument that closely related fungi are endophytic to groups of 
closely related orchids, as closely related orchids and their fungal isolates grouped closely 
together. 
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The use of specific primers can build knowledge of orchid endophytes and their association 
with other plants, but can not increase knowledge of fungi required for germination, for which 
single fungus cultures are required.  The molecular investigation of fungi associated with 
Arachnorchis was greatly assisted by the R18 isolate that was grown from a single monilioid 
cell.  A number of different primers was used to study the fungi isolated from Arachnorchis 
plants and of these, the primers specific to the R18 culture yielded the most information.  All 
of the fungal DNA samples from Arachnorchis amplified a product with these primers for a 
fungus closely related to Serendipita vermifera.  Two distinct groups of fungi were described 
by the sequence data.  One group was isolated from A. tentaculata and A. phaeoclavia plants 
and was most closely related to S. vermifera (99.3-100% homology in the rDNA ITS region), 
whereas the other group contained fungi isolated from A. venusta, A. fulva, A. hastata and A. 
robinsonii and remained unidentified.  However, this latter group was still most closely 
related to S. vermifera (using the GenBank and EMBL fungal database), although sequences 
were only 29-35% homologous.  
 
The cultures from the first group were more effective at germinating seeds than the fungi of 
the second group.  It is possible that the effective fungi from this first group were also present 
in the cultures from the second group, but failed to amplify.  Future studies could redesign the 
R18 primers to exclude the second group of fungi and more closely match the effective fungi 
of the first group instead.  If no amplification of DNA resulted, it would suggest that these 
effective fungi were not present in cultures grown from A. venusta, A. fulva, A. hastata and A. 
robinsonii or that these effective fungi were possibly present in the host orchid, but failed to 
survive in culture when fungi from the second group were numerous (e.g. Allen et al., 2003).  
Such a hypothesis could explain the poor and inconsistent germination results obtained when 
these mixed cultures were used. 
 
Primers specific to the fungi from Arachnorchis plants could also be used to screen the 
external environment for other relationships.  It is possible that the fungi responsible for the 
germination of Arachnorchis species also have an association with other plants, as in the 
example of Melaleuca uncinata (Myrtaceae) and Rhizanthella gardeneri (Orchidaceae) 
(Warcup 1985).  Samples of roots from plants that grow in association with Arachnorchis 
species, for example Astroloma conostephioides (Flame Heath) or Eucalyptus leucoxylon 
(Yellow Gum), could be tested using these primers.   
 
 427 
7.1.11 Future conservation efforts 
Conservation of threatened orchids needs to be directed by Recovery Plans that are updated 
regularly to incorporate the latest research findings.  A holistic approach should be taken since 
rare species such as A. fulva were pollinator-limited.  Other species within the genus 
Arachnorchis may also be pollinator-limited and so independent survival of some species may 
only be achieved if pollinator numbers are increased.  This will only be achieved through 
research into the pollinating wasps and discovery of what other resources they require.  
Simply by hand-pollinating, the population of A. fulva studied in this project increased from 
78 to 103 plants over 5 years by recruitment of seedlings.  This increase was achieved with 
very little finance and resulted from an increased chance of recruitment from an increase in 
seed availability.  
 
Some states have varied their approach by producing multi-species recovery plans (Todd, 
2000).  For a number of threatened species within an area or taxonomic grouping, the threats 
and remedies are very similar.  Multi-species plans aim to make better use of scarce resources 
by targeting several species at once.  However, instead of concentrating on a range of 
threatened floral species, it might prove more effective to concentrate on the range of species, 
both plant and animal, that are linked together as an ecological unit.  Preserving the 
pollinators will assist in the preservation of the plant species they pollinate, providing that 
other threatening processes such as land-clearing are removed. The Recovery Plans must be 
“outcome oriented, practical, easily understood” documents (Burbidge, 1996) with the 
responsibilities for actions clearly linked to a person or position within an organization. 
 
Protection of orchids is a problem world-wide and countries such as Peru, Ecuador and India 
are still struggling against illegal collection of plants and pressure on land use because of 
increasing human populations (Dodson, 1981; Singh, 1985; Bennett, 1988).  It is only with 
on-going funding and commitment, predominantly from government, that research into 
vulnerable orchid species will solve some of the problems associated with preserving the 
group.   
 
7.1.12 Recommendations for the future  
The present study has greatly increased knowledge of Arachnorchis species and their 
endophytes, but has also identified several areas requiring future study.  Future research on 
Arachnorchis, and likely other terrestrial orchids, must concentrate on isolating effective 
fungi that germinate the seeds and produce strong seedlings that tuberise and regrow 
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following dormancy.  Isolating fungi from robust, flowering plants is a potential starting 
point.  After initial germination tests, these cultures must be prepared as single spore/cell 
cultures to eliminate the problem of multiple fungi in a culture.  Without this step, results 
further along the process remain ambiguous.  
 
Work with pure fungal cultures will answer the question “Does specificity exist?”.  Once 
fungal cultures are known to contain only one fungus by molecular means, germinating ability 
must be retested to verify that the germinating fungus was the one purified.  Single fungus 
cultures that are known to be mycorrhizal can be used in molecular studies to expand the 
database and increase the knowledge of the identity of these fungi.  The combination of 
molecular and germination data will show which groups of fungi are specific to which species 
of orchid.   
 
It is anticipated that germination using single fungus cultures will be more uniform, 
potentially resulting in a greater number of seedlings.  These seedlings should be removed 
from germination plates and grown for a period in vitro on a aerated substrate prior to 
deflasking in autumn.  Further investigation of aerated substrates is required, including the use 
of the scoria/rice hulls mixture, Florialite, Sorabord and any other substrate with a slow-to-
degrade carbon source such as cellulose.  Systematic comparison with traditional agar 
medium is necessary to test if aerated substrates are the better choice for successful deflasking 
of a wider range of orchids. 
 
An important area for future research is explaining the mechanism of tuber initiation and 
maturation.  Forcing seedlings to produce a tuber would drastically reduce the losses that 
occur when plants senesce without a tuber to survive dormancy.  With a greater number of 
tubers, the best level of moisture in soils during dormancy can be systematically examined in 
a range of potting mixes, and tests run to see if delays in watering at the cessation of 
dormancy have any effect on plant survival or size.   
 
For re-introduction purposes, garden beds were of limited value.  Re-introduction of plants 
would be better from pots to “bush” sites, with natural conditions of soil-type and rainfall, 
augmented with watering as necessary for establishment.  Nursery hygiene will be critical, but 
transferring dormant tubers with sheath intact, but without soil, would limit the risk of 
transferring harmful organisms to a wild site.   
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Table 2.1 Effect of rainfall or year on leaf size 
 
Table 2.1.1 Effect on population - Comparison between years of leaf width data (population 
of 66 random) collected in August (1999-2003) 
 
Leaf width data of 66 random samples compared across years 
Data are normally distributed, proceed with ANOVA, but residuals not normally distributed. Use non-parametric 
test instead. 
 
Mood’s Median Test: leaf width vs year 
 
Chi-Square = 33.64   DF = 4   P = 0.000 
 
                                        Individual 95.0% CIs 
year       N<=    N>   Median    Q3-Q1  --+---------+---------+---------+---- 
1999        48    18     8.00     4.00           +-------) 
2000        32    34    10.00     4.00                (----------+ 
2001        49    17     8.00     4.00  (--------+-------) 
2002        37    29     9.00     4.25           (-------+-------) 
2003        21    45    11.00     6.00                           (--------+--) 
                                        --+---------+---------+---------+---- 
                                        7.2       8.4       9.6      10.8 
Overall median = 9.00 
 
Analysis of Variance for width (66) vs year    
Source     DF        SS        MS        F        P 
year        4     269.8      67.5     6.61    0.000 
Error     325    3317.1      10.2 
Total     329    3586.9 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -+---------+---------+---------+----- 
1          66     8.515     2.878        (-----*-----)  
2          66     8.985     3.061           (------*-----)  
3          66     7.886     3.035  (------*-----)  
4          66     8.515     3.315        (-----*-----)  
5          66    10.561     3.629                         (-----*-----)  
                                   -+---------+---------+---------+----- 
Pooled StDev =    3.195           7.2       8.4       9.6      10.8 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.00669 
 
Critical value = 3.86 
 
Intervals for (column level mean) - (row level mean) 
 
                 1999       2000       2001        2002 
 
     2000     -1.988 
               1.048 
 
     2001     -0.889      -0.419 
               2.147       2.616 
 
     2002     -1.518      -1.048      -2.147 
               1.518       1.988       0.889 
 
     2003     -3.563      -3.094      -4.192      -3.563 
              -0.528      -0.058      -1.156      -0.528 
 
There was a significant difference among groups. 
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Table 2.1.2 Effect on population - Comparison between years of leaf width data (entire 
population) collected in August (1999-2003) 
 
Data are normally distributed, proceed with ANOVA, but residuals not normally distributed. Use non-parametric 
test instead. 
 
Mood’s median test for width 
    
Chi-Square = 15.62   DF = 4   P = 0.004 
 
Individual 95.0% CIs 
year       N<=    N>   Median    Q3-Q1  ----------+---------+---------+------ 
1999        48    20     8.00     6.00  +-------------------) 
2000        39    31    10.00     5.00            (---------+---------) 
2001        53    23     9.00     4.00  (---------+---------) 
2002        46    21     9.00     6.00  (---------+---------) 
2003        29    37    11.00     6.00                      (---------+---) 
                                        ----------+---------+---------+------ 
                                                9.0      10.0      11.0 
Overall median = 10.00 
 
 
One-way ANOVA: width versus year 
 
Analysis of Variance for width    
Source     DF        SS        MS        F        P 
year        4     160.0      40.0     3.68    0.006 
Error     342    3721.0      10.9 
Total     346    3881.0 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -+---------+---------+---------+----- 
1999       68     8.750     3.192   (-------*------)  
2000       70     9.657     3.092            (-------*------)  
2001       76     8.882     3.016    (-------*------)  
2002       67     8.866     3.567    (-------*-------)  
2003       66    10.561     3.629                     (-------*-------)  
                                   -+---------+---------+---------+----- 
Pooled StDev =    3.299           8.0       9.0      10.0      11.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.00667 
 
Critical value = 3.86 
 
Intervals for (column level mean) - (row level mean) 
 
              1999        2000        2001        2002 
 
    2000      -2.440 
               0.626 
 
    2001      -1.634      -0.716 
               1.371       2.267 
 
    2002      -1.665      -0.747      -1.493 
               1.434       2.330       1.525 
 
    2003      -3.366      -2.448      -3.194      -3.256 
              -0.255       0.641      -0.164      -0.134 
There was a significant difference among groups. 
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Table 2.1.3 Effect on population - Comparison between years of leaf length data (entire 
population) collected in August (1999-2003) 
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: length vs years 
 
Analysis of Variance for length 
Source     DF        SS        MS        F        P 
years       4     11350      2838     4.70    0.001 
Error     248    149815       604 
Total     252    161166 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level     N      Mean     StDev  -----+---------+---------+---------+- 
1999     68     80.22     23.45           (-----*-----)  
2000     65     89.75     24.30                     (-----*-----)  
2001     41     83.98     20.93             (-------*-------)  
2002     51     71.86     25.46  (------*------)  
2003     28     90.36     30.58                  (--------*---------)  
                                 -----+---------+---------+---------+- 
Pooled StDev =    24.58              70        80        90       100 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.00680 
 
Critical value = 3.86 
 
Intervals for (column level mean) - (row level mean) 
 
            1999_1      2000_1      2001_1      2002_1 
 
  2000_1      -21.17 
                2.10 
 
  2001_1      -17.02       -7.60 
                9.51       19.16 
 
  2002_1       -4.07        5.34       -1.96 
               20.78       30.44       26.18 
 
  2003_1      -25.20      -15.77      -22.83      -34.27 
                4.93       14.56       10.07       -2.72 
 
There was a significant difference among groups. 
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Table 2.1.4 Effect on population - Proportional population change for leaf width data in 
August between years (1999-2003) 
 
Table 2.1.4.1 “Increased leaf width” category 
 
Chi2-Test: Increased leaf width, comparisons for intervals from 1999-2003 
Chi-Square Test: Increased, not increased 
 
Expected counts are printed below observed counts 
 
                increased  not increased   Total 
1999-2000       33         21                 54 
                29.65      24.35 
 
2000-2001       24         36                 60 
                32.95      27.05 
 
2001-2002       23         35                 58 
                31.85      26.15 
 
2002-2003       43          9                 52 
                28.55      23.45 
 
Total          123        101                224 
 
Chi-Sq = 0.378 + 0.460 + 2.429 + 2.959 + 2.458 + 2.994 + 7.309 + 8.901 = 27.888 
DF = 3, P-Value = 0.000 
 
Significant differences among intervals 
 
 
Testing of consecutive intervals to find significant differences [expected frequencies in ( )] 
 
Table 2.1.4.1a Chi2-Test: Increased leaf width between ‘1999-2000’ and ‘2000-2001’ (1 vs 2) 
Year Observed increase no increase Total 
1999-2000 33(27) 21(27) 54 
2000-2001 24(30) 36(30) 60 
Total 57 57 114 
Chi-Sq = 1.333 + 1.333 + 1.200 + 1.200 = 5.067 (=4.26 Yates’ correction, p<0.05) 
DF = 1, P-Value = 0.024, sig. diff 
 
 
Table 2.1.4.1b Chi2-Test: increased leaf width between ‘2000-2001’ and ‘2001-2002’ (2 vs 3)  
Year Observed increase no increase Total 
2000-2001 24(23.9) 36 (36.1) 60 
2001-2002 23(23.1) 35(34.9) 58 
Total 47 71 118 
Chi-Sq = 0.000 + 0.000 + 0.000 + 0.000 = 0.001 (=0.02 Yates’ correction) 
DF = 1, P-Value = 0.969, n.s. 
 
 
Table 2.1.4.1c Chi2-Test: increased leaf width between ‘2001-2002’ and ‘2002-2003’ (3 vs 4) 
Year Observed increase no increase Total 
2001-2002 23(34.8) 35(23.2) 58 
2002-2003 43(31.2) 9(20.8) 52 
Total 66 44 110 
Chi-Sq = 4.001 + 6.002 + 4.463 + 6.694 = 21.160 (=19.4 Yates’ correction, p<0.001) 
DF = 1, P-Value = 0.000, sig. diff. 
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Testing of non-consecutive intervals to find significant differences [expected frequencies in ( )] 
 
Table 2.1.4.1d Chi2-Test: increased leaf width between ‘1999-2000’ and ‘2001-2002’ (1 vs 3) 
Year Observed increase no increase Total 
1999-2000 33(27) 21(27) 54 
2001-2002 23(29) 35(29) 58 
Total 56 56 112 
Chi-Sq = 1.333 + 1.333 + 1.241 + 1.241 = 5.149 (=4.33 Yates’ correction, p<0.05) 
DF = 1, P-Value = 0.023, sig. diff. 
 
 
Table 2.1.4.1e Chi2-Test: increased leaf width between ‘1999-2000’ and ‘2002-2003’ (1 vs 4) 
Year Observed increase no increase Total 
1999-2000 33(38.72) 21(15.28) 54 
2002-2003 43(37.28) 9(14.72) 52 
Total 76 30 106 
Chi-Sq = 0.844 + 2.139 + 0.877 + 2.221 = 6.080 (=5.06 Yates’ correction, p<0.05) 
DF = 1, P-Value = 0.014, sig. diff. 
 
 
Table 2.1.4.1f Chi2-Test: increased leaf width between ‘2000-2001’ and ‘2002-2003’ (2 vs 4) 
Year Observed increase no increase Total 
2000-2001 24(35.89) 36(24.11) 60 
2002-2003 43(31.11) 9(20.89) 52 
Total 67 45 112 
Chi-Sq = 3.941 + 5.867 + 4.547 + 6.770 = 21.124 (=19.39 Yates’ correction, p<0.001) 
DF = 1, P-Value = 0.000, sig. diff. 
 
 
 
Table 2.1.4.2 “Decreased leaf width” category 
 
Chi2-Test: decreased leaf width, comparisons for intervals from 1999-2003 
Chi-Square Test: decreased, not decreased 
 
Expected counts are printed below observed counts 
 
            decrease  not decr    Total 
1999-2000    11        43             54 
            16.88     37.13 
 
2000-2001    28        32             60 
            18.75     41.25 
 
2001-2002    26        32             58 
            18.13     39.88 
 
2002-2003     5        47             52 
            16.25     35.75 
 
Total       70       154            224 
 
Chi-Sq = 2.045 + 0.930 +4.563 + 2.074 +3.422 + 1.555 +7.788 + 3.540 = 25.918 
DF = 3, P-Value = 0.000 
 
Significant differences among intervals 
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Testing of consecutive intervals to find significant differences [expected frequencies in ( )] 
 
Table 2.1.4.2a Chi2-Test: decreased leaf width between ‘1999-2000’ and ‘2000-2001’ (1 vs 2) 
Year Observed decrease  not decreased Total 
1999-2000 11(18.47) 43(35.53) 54 
2000-2001 28(20.53) 32(39.47) 60 
Total 39 76 114 
Chi-Sq = 3.024 + 1.572 + 2.721 + 1.415 = 8.732 (=7.6 Yates’ correction, p<0.01) 
DF = 1, P-Value = 0.003, sig. diff. 
 
 
Table 2.1.4.2b Chi2-Test: decreased leaf width between ‘2000-2001’ and ‘2001-2002’ (2 vs 3) 
Year Observed decrease  not decreased Total 
2000-2001 28(27.46) 32(32.54) 60 
2001-2002 26(26.54) 32(31.46) 58 
Total 54 64 118 
Chi-Sq = 0.011 + 0.009 + 0.011 + 0.009 = 0.040 (=0.0002 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.841, n.s. 
 
 
Table 2.1.4.2c Chi2-Test: decrease in leaf width between ‘2001-2002’ and ‘2002-2003’ (3 vs 4) 
Year Observed decrease  not decreased Total 
2001-2002 26(16.35) 32(41.65) 58 
2002-2003 5(14.65) 47(37.35) 52 
Total 31 79 110 
Chi-Sq = 5.703 + 2.238 + 6.361 + 2.496 = 16.797 (=15.1 Yates’ correction, p<0.001) 
DF = 1, P-Value = 0.000, sig. diff. 
 
 
Testing of non-consecutive intervals to find significant differences [expected frequencies in ( )] 
 
Table 2.1.4.2d Chi2-Test: decrease in leaf width between ‘1999-2000’ and ‘2001-2002’ (1 vs 3) 
Year Observed decrease  not decreased Total 
1999-2000 11(17.84) 43(36.16) 54 
2001-2002 26(19.16) 32(38.84) 58 
Total 37 75 112 
Chi-Sq = 2.622 + 1.294 + 2.441 + 1.204 = 7.561 (=6.5 Yates’ correction, p<0.02) 
DF = 1, P-Value = 0.006, sig. diff. 
 
 
Table 2.1.4.2e Chi2-Test: decrease in leaf width between ‘1999-2000’ and ‘2002-2003’ (1 vs 4) 
Year Observed decrease  not decreased Total 
1999-2000 11(8.15) 43(45.85) 54 
2002-2003 5(7.85) 47(44.15) 52 
Total 16 90 106 
Chi-Sq = 0.996 + 0.177 + 1.034 + 0.184 = 2.391 (=1.63 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.122, n.s. 
 
 
Table 2.1.4.2f Chi2-Test: decreased leaf width between ‘2000-2001’ and ‘2002-2003’ (2 vs 4) 
Year Observed decrease  not decreased Total 
2000-2001 28(17.68) 32(42.32) 60 
2002-2003 5(15.32) 47(36.68) 52 
Total 33 79 112 
Chi-Sq = 6.026 + 2.517 + 6.953 + 2.904 = 18.401 (=16.6 Yates’ correction, p<0.001) 
DF = 1, P-Value = 0.000, sig. diff. 
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Table 2.1.4.3 “No change in leaf width” category 
 
Data were normally distributed (p>0.05) using Kolmogorov-Smirnov test for normality. 
Frequency data, proceed with Chi2 test. 
 
Chi2-Test: no change in leaf width, comparisons for intervals from 1999-2003 
Chi-Square Test: no change, not unchanged 
 
Expected counts are printed below observed counts 
 
          no change    not unchanged    Total 
1999-2000  10           44                  54 
           7.47        46.53 
 
2000-2001   8           52                  60 
           8.30        51.70 
 
2001-2002   9           49                  58 
           8.03        49.97 
 
2002-2003   4           48                  52 
           7.20        44.80 
 
Total     31          193                 224 
 
Chi-Sq = 0.854 + 0.137 +0.011 + 0.002 + 0.118 + 0.019 + 1.420 + 0.228 = 2.789 
DF = 3, P-Value = 0.425 
 
No differences among intervals 
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Table 2.1.5 Effect on individuals - Comparison between years of leaf area (cm2) data 
collected in August (1999-2003) using paired t-test and correlation of leaf area 
data between consecutive years. 
 
Years 
compared 
Sample 
size 
Pearson’s 
correlation 
p-value Sig. or 
n.s. 
T-value p-value Sig. or 
n.s. 
1999a and 
2000a 
40 0.677 <0.001 sig. -4.38 <0.001 sig. 
2000b and 
2001b 
24 0.678 <0.001 sig. 1.97 0.061 n.s. 
2001c and 
2002c 
19 0.495 0.031 sig. 1.82 0.085 n.s 
2002d and 
2003d 
12 0.699 0.011 sig. -4.06 0.002 sig. 
 
n.s.=not significant 
 
 
 
Table 2.1.6 Effect on individuals - Comparison between years of leaf width (mm) data 
collected in August (1999-2003) using paired t-test and correlation of leaf width 
data between consecutive years. 
 
Years 
compared 
Sample 
size 
Pearson’s 
correlation 
p-value Sig. or 
n.s. 
T-value p-value Sig. or 
n.s. 
1999a and 
2000a 
54 0.716 <0.001 sig. -3.68 0.001 sig. 
2000b and 
2001b 
60 0.651 <0.001 sig. 0.77 0.444 n.s. 
2001c and 
2002c 
58 0.554 <0.001 sig. 0.52 0.602 n.s. 
2002d and 
2003d 
52 0.792 <0.001 sig. -6.82 <0.001 sig. 
n.s.=not significant 
 
 
 
Table 2.1.7 Effect on individuals - Correlation of change in leaf width (mm) data collected in 
August (1999-2003) and rainfall (Jan-Jul) for the same interval  
 
Correlations: rainfall, leaf width change 
 
Pearson correlation of rainfall change between years and leaf width change 
of individual plants = 0.368 
P-Value = 0.000 
 
 
Descriptive Statistics: width change by rainfall change (Jan-July) 
 
Variable   rainfall change   N       Mean     Median     TrMean      StDev 
width      -36.4            58     -0.216      0.000     -0.260      3.128 
change     -28.4            60     -0.233      0.000     -0.148      2.346 
            26.4            54      1.167      1.000      1.167      2.329 
            85.0            52      2.192      2.000      2.239      2.318 
 
Variable   rain change SE Mean    Minimum    Maximum         Q1         Q3 
width      -36.4         0.411     -8.000      9.000     -2.000      1.000 
change     -28.4         0.303     -8.000      5.000     -1.000      1.000 
            26.4         0.317     -4.000      6.000      0.000      3.000 
            85.0         0.321     -4.000      9.000      1.000      4.000 
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Table 2.2 Flowering response in relation to leaf size or year  
 
Table 2.2.1 Comparison of leaf area data (cm2) (1999-2003), all records, for plants with and 
without a flower bud. 
 
Table 2.2.1a Mood’s Median Test: leaf area 1999-2003 vs bud/no bud 
 
Data are not normally distributed, transform data. 
Data could not be transformed, use non-parametric test instead. 
 
Mood’s Median Test: leaf area vs bud/no bud 
 
Chi-Square = 110.94   DF = 1   P = 0.000 
 
                                        Individual 95.0% CIs 
bud/no bud N<=    N>   Median    Q3-Q1  --+---------+---------+---------+---- 
1           98    15     3.49     2.74   (--+---) 
2           24   104     8.01     3.98                                (-+---) 
                                        --+---------+---------+---------+---- 
                                        3.2       4.8       6.4       8.0 
Overall median = 5.89 
 
A 95.0% CI for median(1) - median(2): (-5.26,-3.77) 
 
 
Table 2.2.1b Correlation: leaf area 1999-2003 vs bud/no bud 
 
Correlations: bud/nobud, area 
 
Pearson correlation of bud/nobud and area = 0.655 
P-Value = 0.000 
 
Descriptive Statistics: area by bud/nobud 
 
Variable   bud/nobu          N       Mean     Median     TrMean      StDev 
area       1               113      3.855      3.490      3.672      2.406 
           2               128      8.483      8.010      8.388      2.896 
 
Variable   bud/nobu    SE Mean    Minimum    Maximum         Q1         Q3 
area       1             0.226      0.390     13.270      2.320      5.060 
           2             0.256      2.470     19.790      6.390     10.370 
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Table 2.2.2 Comparison of leaf area data (cm2) (1999-2003) for all plants vs year. 
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: Leaf area (entire population) vs year 
 
Analysis of Variance for area     
Source     DF        SS        MS        F        P 
year        4     115.9      29.0     2.37    0.053 
Error     236    2883.1      12.2 
Total     240    2999.1 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ---+---------+---------+---------+--- 
1999       68     5.855     3.156       (------*------)  
2000       65     7.230     3.707                  (------*------)  
2001       39     5.766     2.979    (--------*--------)  
2002       41     5.624     3.400   (--------*--------)  
2003       28     7.068     4.460             (----------*----------)  
                                   ---+---------+---------+---------+--- 
Pooled StDev =    3.495             4.8       6.0       7.2       8.4 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.00641 
Critical value = 3.89 
 
Intervals for (column level mean) - (row level mean) 
 
              1999        2000        2001        2002 
 
    2000      -3.042 
               0.294 
 
    2001      -1.842      -0.484 
               2.020       3.410 
 
    2002      -1.669      -0.312      -2.008 
               2.133       3.523       2.293 
 
    2003      -3.372      -2.012      -3.683      -3.801 
               0.946       2.335       1.080       0.913 
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Table 2.2.3 Comparison of leaf area data (cm2) per year of plants with a bud vs without.  
 
Table 2.2.3a Leaf area in 1999 vs bud/no bud 
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: leaf area 1999 versus bud/no bud 
 
Analysis of Variance for leaf area 1999        
Source     DF        SS        MS        F        P 
bud/no bud  1    297.68    297.68    53.17    0.000 
Error      66    369.51      5.60 
Total      67    667.19 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ---+---------+---------+---------+--- 
no bud     41     4.158     2.121  (---*--)  
bud        27     8.434     2.700                       (---*----)  
                                   ---+---------+---------+---------+--- 
Pooled StDev =    2.366             4.0       6.0       8.0      10.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0500 
 
Critical value = 2.82 
 
Intervals for (column level mean) - (row level mean) 
 
               no bud 
 
       bud    -5.447 
              -3.105 
 
 
Table 2.2.3b Leaf area in 2000 vs bud/no bud 
 
Data are normally distributed, proceed with ANOVA. 
Residuals are not normally distributed, cannot accept ANOVA so use non-parametric test instead. 
 
Mood’s Median Test: leaf area 2000 versus bud/no bud 
 
Chi-Square = 31.29   DF = 1   P = 0.000 
 
                                        Individual 95.0% CIs 
2000       N<=    N>   Median    Q3-Q1  ----+---------+---------+---------+-- 
no bud      27     4     3.53     2.28  (-+----) 
bud          6    28     9.80     3.32                           (-------+--) 
                                        ----+---------+---------+---------+-- 
                                          4.0       6.0       8.0      10.0 
Overall median = 7.46 
A 95.0% CI for median(1) - median(2): (-7.07,-3.71) 
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Table 2.2.3c Leaf area in 2001 vs bud/no bud 
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: leaf area 2001 versus bud/no bud 
 
Analysis of Variance for leaf area 2001        
Source     DF        SS        MS        F        P 
bud/no bud  1    185.72    185.72    45.39    0.000 
Error      37    151.39      4.09 
Total      38    337.12 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ----------+---------+---------+------ 
no bud     16     3.150     1.578   (----*----)  
bud        23     7.587     2.277                          (---*---)  
                                   ----------+---------+---------+------ 
Pooled StDev =    2.023                    4.0       6.0       8.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0500 
 
Critical value = 2.87 
 
Intervals for (column level mean) - (row level mean) 
 
               no bud 
 
       bud    -5.771 
              -3.102 
 
 
Table 2.2.3d Leaf area in 2002 vs bud/no bud 
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: leaf area 2002 versus bud/no bud 
 
Analysis of Variance for leaf area 2002       
Source     DF        SS        MS        F        P 
bud/no bud  1    243.02    243.02    43.18    0.000 
Error      39    219.48      5.63 
Total      40    462.50 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ---------+---------+---------+------- 
no bud     12     1.839     1.388   (----*-----)  
bud        29     7.190     2.661                          (---*--)  
                                   ---------+---------+---------+------- 
Pooled StDev =    2.372                   2.5       5.0       7.5 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0500 
 
Critical value = 2.86 
 
Intervals for (column level mean) - (row level mean) 
 
               no bud 
 
       bud    -6.998 
              -3.704 
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Table 2.2.3e Leaf area in 2003 vs bud/no bud 
 
Data are normally distributed, proceed with ANOVA. 
Residuals are not normally distributed, cannot accept ANOVA so use non-parametric test instead. 
 
Mood Median Test: leaf area 2003 versus bud/no bud 
 
Chi-Square = 11.63   DF = 1   P = 0.001 
 
                                        Individual 95.0% CIs 
bud/no bud N<=    N>   Median    Q3-Q1  ----+---------+---------+---------+-- 
1           11     2     4.01     3.79  (------+----) 
2            3    12     8.64     5.41                    (----+-------) 
                                        ----+---------+---------+---------+-- 
                                          3.0       6.0       9.0      12.0 
Overall median = 6.70 
 
A 95.0% CI for median(1) - median(2): (-7.19,-2.48) 
 
 
Table 2.2.4 Plants with a flower bud - leaf width vs budding 
 
Table 2.2.4a Comparison of leaf width data (mm) (1999-2003), all records, for plants with and 
without a flower bud. 
 
One-way ANOVA: width versus bud/no bud 
 
Analysis of Variance for width    
Source     DF        SS        MS        F        P 
bud/no bud  1   1544.06   1544.06   231.14    0.000 
Error     327   2184.39      6.68 
Total     328   3728.45 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -------+---------+---------+--------- 
bud       188    11.293     2.212                                (-*--)  
no bud    141     6.915     3.011  (--*--)  
                                   -------+---------+---------+--------- 
Pooled StDev =    2.585                 7.5       9.0      10.5 
 
 
Table 2.2.4b Correlation: bud/no bud vs width 
 
Correlations: bud/no bud, width 
 
Pearson correlation of bud/no bud and widtha = 0.644 
P-Value = 0.000 
 
Descriptive Statistics: width by bud/no bud 
 
Variable   bud/no            N       Mean     Median     TrMean      StDev 
leaf       bud             188     11.293     11.000     11.276      2.212 
width      no bud          141      6.915      7.000      6.760      3.011 
 
Variable   bud/no      SE Mean    Minimum    Maximum         Q1         Q3 
leaf       bud           0.161      5.000     18.000     10.000     13.000 
width      no bud        0.254      1.500     18.000      5.000      8.500 
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Table 2.2.5 Plants with a flower bud - leaf width vs year 
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: year vs leaf width of budded plants 
 
Analysis of Variance for bud      
Source     DF        SS        MS        F        P 
year2       4     56.43     14.11     3.01    0.020 
Error     183    858.48      4.69 
Total     187    914.91 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  --------+---------+---------+-------- 
1999       27    11.259     2.379          (----------*---------)  
2000       37    11.757     1.588                  (--------*--------)  
2001       43    10.442     2.281  (--------*-------)  
2002       40    11.150     2.259           (-------*--------)  
2003       41    11.927     2.252                     (-------*-------)  
                                   --------+---------+---------+-------- 
Pooled StDev =    2.166                 10.40     11.20     12.00 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.00641 
 
Critical value = 3.90 
 
Intervals for (column level mean) - (row level mean) 
 
              1999        2000        2001        2002 
 
    2000      -2.009 
               1.014 
 
    2001      -0.649      -0.024 
               2.284       2.654 
 
    2002      -1.378      -0.756      -2.020 
               1.597       1.969       0.604 
 
    2003      -2.148      -1.524      -2.789      -2.104 
               0.813       1.184      -0.181       0.551 
 
Residuals are normally distributed, accept ANOVA. 
There was a significant difference among groups. 
 
 
Table 2.2.5.1 Plants with a flower bud - leaf width 2001 vs 2003 
 
One-way ANOVA: width of budded plants compared between 2001 and 2003 
 
Source     DF        SS        MS        F        P 
year        1     46.28     46.28     9.01    0.004 
Error      82    421.39      5.14 
Total      83    467.67 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ---------+---------+---------+------- 
2001       43    10.442     2.281   (--------*-------)  
2003       41    11.927     2.252                     (--------*--------)  
                                   ---------+---------+---------+------- 
Pooled StDev =    2.267                  10.40     11.20     12.00 
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Table 2.2.5.2 Correlation: Plants with a flower bud from 2001 to 2003 vs leaf width 
 
Correlations: 2001-03, width_b 
 
Pearson correlation of 2001-03 and width_b = 0.263 
P-Value = 0.003 
 
Descriptive Statistics: width_bud by year (2001-03) 
 
Variable   year              N       Mean     Median     TrMean      StDev 
width_b    2001             43     10.442     10.000     10.359      2.281 
           2002             40     11.150     11.000     11.111      2.259 
           2003             41     11.927     11.000     11.919      2.252 
 
Variable   year        SE Mean    Minimum    Maximum         Q1         Q3 
width_b    2001          0.348      6.000     18.000      9.000     12.000 
           2002          0.357      7.000     17.000     10.000     12.750 
           2003          0.352      8.000     16.000     10.000     14.000 
 
 
 
Table 2.2.6 Plants without a flower bud - leaf width vs year 
 
Table 2.2.6.1 Correlation: Plants without a flower bud from 1999 to 2002 vs leaf width 
 
Correlations: Plants without a flower bud from 1999 to 2002 vs leaf width 
 
Pearson correlation of leaf width and years 1999-2002 = -0.285 
P-Value = 0.002 
 
Descriptive Statistics: Leaf width of plants without a flower bud by year 
 
Variable   year              N       Mean     Median     TrMean      StDev 
Leaf       1999             41      7.098      7.000      7.081      2.518 
width      2000             33      7.303      7.000      7.138      2.640 
           2001             29      6.310      6.000      6.315      2.273 
           2002             14      4.500      4.000      4.417      2.245 
 
Variable   year1-5     SE Mean    Minimum    Maximum         Q1         Q3 
Leaf       1999          0.393      2.000     13.000      5.000      9.000 
width      2000          0.460      3.000     15.000      5.000      9.000 
           2001          0.422      1.500     11.000      4.500      8.000 
           2002          0.600      2.000      8.000      2.000      7.000 
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Table 2.2.6.2 Plants without a flower bud, year vs leaf width 
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: year vs leaf width of plants without a bud 
 
Analysis of Variance for no bud   
Source     DF        SS        MS        F        P 
year_1      4    138.73     34.68     4.17    0.003 
Error     136   1130.74      8.31 
Total     140   1269.48 
 
Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ------+---------+---------+---------+ 
1999       41     7.098     2.518                   (---*----)  
2000       33     7.303     2.640                    (----*---)  
2001       29     6.310     2.273              (-----*----)  
2002       14     4.500     2.245   (------*-------)  
2003       24     8.208     4.393                       (-----*-----)  
                                   ------+---------+---------+---------+ 
Pooled StDev =    2.883                4.0       6.0       8.0      10.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.00649 
Critical value = 3.91 
 
Intervals for (column level mean) - (row level mean) 
 
              1999        2000        2001        2002 
 
    2000      -2.070 
               1.659 
 
    2001      -1.147      -1.036 
               2.722       3.022 
 
    2002       0.130       0.260      -0.784 
               5.065       5.346       4.405 
 
    2003      -3.160      -3.044      -4.098      -6.389 
               0.938       1.233       0.302      -1.027 
 
Residuals are normally distributed, accept ANOVA. 
There was a significant difference among groups. 
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Table 2.2.7 Differences in flower bud production 
 
Table 2.2.7.1 Comparison of budding frequency (all emerged plants) among years (1999-
2003). 
 
Data were normally distributed (p>0.05) using Kolmogorov-Smirnov test for normality. 
Frequency data, proceed with Chi2 test. 
 
Chi-Square Test: observed bud, no bud 
 
Expected counts are printed below observed counts 
 
        bud   no bud    Total 
1999     30       49       79 
         39.69    39.31 
 
2000     40       42       82 
         41.20    40.80 
 
2001     50       33       83 
         41.70    41.30 
 
2002     42       43       85 
         42.70    42.30 
 
2003     48       41       89 
         44.71    44.29 
 
Total   210      208      418 
 
Chi-Sq =  2.365 +  2.388 + 0.035 +  0.035 + 1.653 +  1.669 + 0.012 +  0.012 + 
0.242 +  0.244 = 8.653 
DF = 4, P-Value = 0.070 ns 
 
 
Table 2.2.7.1a  Budding in 1999 vs 2001 
Year Number of plants in 
bud 
Number not in bud Total population 
1999 30 49 79 
2001 50 33 83 
 80 82 162 
Chi-Sq = 2.082 + 2.031 + 1.982 + 1.933 = 8.028 (=7.16 Yates’ correction, p<0.01) 
DF = 1, P-Value = 0.005, sig.diff. 
 
Table 2.2.7.1b  Budding in 1999 vs 2000 
Year Number of plants in 
bud 
Number not in bud Total population 
1999 30(34.35) 49(44.65) 79 
2000 40(35.65) 42(46.35) 82 
 70 91 161 
Chi-Sq = 0.550 + 0.423 + 0.530 + 0.408 = 1.912 (=1.5 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.167 n.s. 
 
Table 2.2.7.1c  Budding in 1999 vs 2002 
Year Number of plants in 
bud 
Number not in bud Total population 
1999 30(34.68) 49(44.32) 79 
2002 42(37.32) 43(47.68) 85 
 72 92 164 
Chi-Sq = 0.632 + 0.495 + 0.588 + 0.460 = 2.175 (=1.7 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.140 n.s. 
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Table 2.2.7.1d  Budding in 1999 vs 2003 
Year Number of plants in 
bud 
Number not in bud Total population 
1999 30(36.68) 49(42.32) 79 
2003 48(41.32) 41(47.68) 89 
 78 90 168 
Chi-Sq = 1.216 + 1.054 + 1.079 + 0.936 = 4.285 (=3.67 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.038 Yates n.s. 
 
Table 2.2.7.1e  Budding in 2000 vs 2001 
Year Number of plants in 
bud 
Number not in bud Total population 
2000 40(44.73) 42(37.27) 82 
2001 50(45.27) 33(37.73) 83 
   165 
Chi-Sq = 0.500 + 0.600 + 0.494 + 0.592 = 2.185 (=1.75 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.139 n.s. 
 
Table 2.2.7.1f  Budding in 2000 vs 2002 
Year Number of plants in 
bud 
Number not in bud Total population 
2000 40(40.26) 42(41.74) 82 
2002 42(41.74) 43(43.26) 85 
   167 
Chi-Sq = 0.002 + 0.002 + 0.002 + 0.002 = 0.007 (=0.005 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.935 n.s. 
 
Table 2.2.7.1g  Budding in 2000 vs 2003 
Year Number of plants in 
bud 
Number not in bud Total population 
2000 40(42.2) 42(39.80) 82 
2003 48(45.8) 41(43.20) 89 
   171 
Chi-Sq = 0.115 + 0.121 + 0.106 + 0.112 = 0.454 (=0.27 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.501 n.s. 
 
Table 2.2.7.1h  Budding in 2001 vs 2002 
Year Number of plants in 
bud 
Number not in bud Total population 
2001 50(45.45) 33(37.55) 83 
2002 42(46.55) 43(38.45) 85 
   168 
Chi-Sq = 0.455 + 0.551 + 0.444 + 0.538 = 1.988 (=1.57 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.159 n.s. 
 
Table 2.2.7.1i  Budding in 2001 vs 2003 
Year Number of plants in 
bud 
Number not in bud Total population 
2001 50(47.29) 33(35.71) 83 
2003 48(50.71) 41(38.29) 89 
   168 
Chi-Sq = 0.155 + 0.206 + 0.145 + 0.192 = 0.697 (=0.46 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.404 n.s. 
 
Table 2.2.7.1j  Budding in 2002 vs 2003 
Year Number of plants in 
bud 
Number not in bud Total population 
1999 30(36.68) 49(42.32) 79 
2003 48(41.32) 41(47.68) 89 
   168 
Chi-Sq = 1.216 + 1.054 + 1.079 + 0.936 = 4.285 (=3.67 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.038 Yates n.s. 
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Table 2.2.7.2 Comparison of budding frequency (leaf area population only) among years 
(1999-2003). 
 
Data were normally distributed (p>0.05) using Kolmogorov-Smirnov test for normality. 
Frequency data, proceed with Chi2 test. 
 
Chi-Square Test: bud, no bud vs year 
 
Expected counts are printed below observed counts 
 
        bud   no bud    Total 
1999     41       27       68 
         31.88    36.12 
 
2000     31       34       65 
         30.48    34.52 
 
2001     16       23       39 
         18.29    20.71 
 
2002     12       29       41 
         19.22    21.78 
 
2003     13       15       28 
         13.13    14.87 
 
Total      113      128      241 
 
Chi-Sq =  2.606 + 2.301 + 0.009 + 0.008 + 0.286 + 0.252 + 2.715 + 2.397 + 0.001 + 
0.001 = 10.576 
DF = 4, P-Value = 0.032 
 
 
 
 
Table 2.2.7.2a  Budding in 1999 vs 2002 
Year Number of plants in 
bud 
Number not in bud Total population 
1999 41(33.06) 27(34.94) 68 
2002 12(19.94) 29(21.06) 41 
 53 56 109 
Chi-Sq = 1.905 + 1.803 + 3.159 + 2.990 = 9.856 (=8.65 Yates’ correction, p<0.01) 
DF = 1, P-Value = 0.002, sig. diff. 
 
Table 2.2.7.2b  Budding in 1999 vs 2000 
Year Number of plants in 
bud 
Number not in bud Total population 
1999 41(36.81) 27(31.19) 68 
2000 31(35.19) 34(29.81) 65 
 72 61 133 
Chi-Sq = 0.476 + 0.562 + 0.498 + 0.588 = 2.126 (=1.65 Yates’ correction, p>0.05. n.s.) 
DF = 1, P-Value = 0.145 
 
Table 2.2.7.2c  Budding in 1999 vs 2001 
Year Number of plants in 
bud 
Number not in bud Total population 
1999 41(36.22) 27(31.78) 68 
2001 16(20.78) 23(18.22) 39 
 57 50 107 
Chi-Sq = 0.630 + 0.718 + 1.098 + 1.251 = 3.697 (=2.96 Yates’ correction, p>0.05. n.s.) 
DF = 1, P-Value = 0.055 
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Table 2.2.7.2d  Budding in 1999 vs 2003 
Year Number of plants in 
bud 
Number not in bud Total population 
1999 41(38.25) 27(29.75) 68 
2003 13(15.75) 15(12.25) 28 
 54 42 96 
Chi-Sq = 0.198 + 0.254 + 0.480 + 0.617 = 1.549 (=1.04 Yates’ correction, p>0.05. n.s.) 
DF = 1, P-Value = 0.213 
 
Table 2.2.7.2e  Budding in 2000 vs 2001 
Year Number of plants in 
bud 
Number not in bud Total population 
2000 31(29.38) 34(35.63) 65 
2001 16(17.63) 23(21.38) 39 
 47 57 104 
Chi-Sq = 0.090 + 0.074 + 0.150 + 0.124 = 0.437 (=0.21 Yates’ correction, p>0.05. n.s.) 
DF = 1, P-Value = 0.508 
 
Table 2.2.7.2f  Budding in 2000 vs 2002 
Year Number of plants in 
bud 
Number not in bud Total population 
2000 31(26.37) 34(38.63) 65 
2002 12(16.63) 29(24.37) 41 
 43 63 106 
Chi-Sq = 0.814 + 0.555 + 1.290 + 0.881 = 3.540 (=2.81 Yates’ correction, p>0.05. n.s.) 
DF = 1, P-Value = 0.060 
 
Table 2.2.7.2g  Budding in 2000 vs 2003 
Year Number of plants in 
bud 
Number not in bud Total population 
2000 31(30.75) 34(34.25) 65 
2003 13(13.25) 15(14.75) 28 
 44 49 93 
Chi-Sq = 0.002 + 0.002 + 0.005 + 0.004 = 0.013 (=0.013 Yates’ correction, p>0.05. n.s.) 
DF = 1, P-Value = 0.911 
 
Table 2.2.7.2h  Budding in 2001 vs 2002 
Year Number of plants in 
bud 
Number not in bud Total population 
2001 16(13.65) 23(25.35) 39 
2002 12(14.35) 29(26.65) 41 
 28 52 80 
Chi-Sq = 0.405 + 0.218 + 0.385 + 0.207 = 1.214 (=0.75 Yates’ correction, p>0.05. n.s.) 
DF = 1, P-Value = 0.270 
 
Table 2.2.7.2i  Budding in 2002 vs 2003 
Year Number of plants in 
bud 
Number not in bud Total population 
2002 12(14.86) 29(26.14) 41 
2003 13(10.14) 15(17.86) 28 
 25 44 69 
Chi-Sq = 0.549 + 0.312 + 0.803 + 0.457 = 2.121 (=1.44 Yates’ correction, p>0.05. n.s.) 
DF = 1, P-Value = 0.145 
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Table 2.2.7.3 Comparison of budding frequency (leaf width population only) among years 
(1999-2003). 
 
Data were normally distributed (p>0.05) using Kolmogorov-Smirnov test for normality. 
Frequency data, proceed with Chi2 test. 
 
Chi-Square Test: bud, no bud vs year 
 
Expected counts are printed below observed counts 
 
         bud   no bud    Total 
1999     27       41        68 
         38.86    29.14 
 
2000     37       33        70 
         40.00    30.00 
 
2001     43       29        72 
         41.14    30.86 
 
2002     40       14        54 
         30.86    23.14  
 
2003     41       24        65 
         37.14    27.86  
 
Total    188      141      329 
 
Chi-Sq = 3.618 + 4.824 + 0.225 + 0.300 + 0.084 + 0.112 + 2.709 + 3.612 + 0.401 + 
0.534 = 16.419 
DF = 4, P-Value = 0.003 
 
 
Table 2.2.7.3a  Budding in 1999 vs 2002 
Year Number of plants in 
bud 
Number not in bud Total population 
1999 27 41 68 
2002 40 14 54 
 67 55 122 
Chi-Sq = 2.865 + 3.490 + 3.608 + 4.395 = 14.359 (=13 Yates’ correction, p<0.001) 
DF = 1, P-Value < 0.001, sig. diff. 
 
Table 2.2.7.3b  Budding in 1999 vs 2003 
Year Number of plants in 
bud 
Number not in bud Total population 
1999 27 41 68 
2003 41 24 65 
 68 65 133 
Chi-Sq = 1.735 + 1.815 + 1.815 + 1.899 = 7.265 (=6.36 Yates’ correction, p<0.02) 
DF = 1, P-Value = 0.007, sig. diff. 
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Table 2.2.7.4 Comparison of budding frequency vs rainfall among years  
 
Table 2.2.7.4a Correlation: Plants with and without a flower bud from 1999 to 2002 vs rainfall in 
April 
 
Correlations: bud/no bud, April_rain 
 
Pearson correlation of bud/no bud and April_rain = -0.032 
P-Value = 0.503 
Descriptive Statistics: bud/no bud by April_rain 
 
Variable   April_ra          N       Mean     Median     TrMean      StDev 
bu/no bu    0.2             79     1.6203     2.0000     1.6338     0.4884 
           16.4             89     1.4382     1.0000     1.4321     0.4990 
           23.2             95     1.5579     2.0000     1.5647     0.4993 
           42.2            100     1.5200     2.0000     1.5222     0.5021 
           48.2             86     1.5349     2.0000     1.5385     0.5017 
 
Variable   April_ra    SE Mean    Minimum    Maximum         Q1         Q3 
bu/no bu    0.2         0.0550     1.0000     2.0000     1.0000     2.0000 
           16.4         0.0529     1.0000     2.0000     1.0000     2.0000 
           23.2         0.0512     1.0000     2.0000     1.0000     2.0000 
           42.2         0.0502     1.0000     2.0000     1.0000     2.0000 
           48.2         0.0541     1.0000     2.0000     1.0000     2.0000 
 
 
 
Table 2.2.7.4b Correlation: Plants with and without a flower bud from 1999 to 2002 vs rainfall in 
Jan-Jul 
 
Correlations: bud/no bud, jan-jul rainfall 
 
Pearson correlation of bud/no bud and jan-jul = -0.019 
P-Value = 0.684 
 
Descriptive Statistics: bud/no bud by jan-jul rainfall 
 
Variable   jan-jul           N       Mean     Median     TrMean      StDev 
bu/no bu   209.0            95     1.5579     2.0000     1.5647     0.4993 
           245.4            89     1.4382     1.0000     1.4321     0.4990 
           247.4            79     1.6203     2.0000     1.6338     0.4884 
           273.8            86     1.5349     2.0000     1.5385     0.5017 
           294.0           100     1.5200     2.0000     1.5222     0.5021 
 
Variable   jan-jul     SE Mean    Minimum    Maximum         Q1         Q3 
bu/no bu   209.0        0.0512     1.0000     2.0000     1.0000     2.0000 
           245.4        0.0529     1.0000     2.0000     1.0000     2.0000 
           247.4        0.0550     1.0000     2.0000     1.0000     2.0000 
           273.8        0.0541     1.0000     2.0000     1.0000     2.0000 
           294.0        0.0502     1.0000     2.0000     1.0000     2.0000 
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Table 2.2.7.4c Correlation: Proportion of population with a flower bud from 1999 to 2002 vs 
rainfall in April 
 
Correlations: proportion in bud (emerged), April rain 
 
Pearson correlation of prop bud emerged and April rain = 0.382 
P-Value = 0.000 
 
Descriptive Statistics: prop bud emerged by April rain 
 
Variable   Aprrain           N       Mean     Median     TrMean      StDev 
prop bud    0.2             79    0.37980    0.37980    0.37980    0.00000 
           16.4             83    0.60240    0.60240    0.60240    0.00000 
           23.2             85    0.49410    0.49410    0.49410    0.00000 
           42.2             89    0.53930    0.53930    0.53930    0.00000 
           48.2             83    0.48780    0.48780    0.48780    0.00000 
 
Variable   Aprrain     SE Mean    Minimum    Maximum         Q1         Q3 
prop bud    0.2        0.00000    0.37980    0.37980    0.37980    0.37980 
           16.4        0.00000    0.60240    0.60240    0.60240    0.60240 
           23.2        0.00000    0.49410    0.49410    0.49410    0.49410 
           42.2        0.00000    0.53930    0.53930    0.53930    0.53930 
           48.2        0.00000    0.48780    0.48780    0.48780    0.48780 
 
 
 
Table 2.2.7.4d Correlation: Proportion of population with a flower bud from 1999 to 2002 vs 
rainfall in Jan-Jul 
 
Correlations: prop bud emerged, rainfall Jan-Jul 
 
Pearson correlation of prop bud emerged and rain Jan-jul= 0.150 
P-Value = 0.002 
 
 
Descriptive Statistics: prop bud emerged by rainfall Jan-Jul 
 
Variable   jan-jul           N       Mean     Median     TrMean      StDev 
prop bud   209.0            85    0.49410    0.49410    0.49410    0.00000 
           245.4            83    0.60240    0.60240    0.60240    0.00000 
           247.4            79    0.37980    0.37980    0.37980    0.00000 
           273.8            83    0.48780    0.48780    0.48780    0.00000 
           294.0            89    0.53930    0.53930    0.53930    0.00000 
 
Variable   Jan-jul     SE Mean    Minimum    Maximum         Q1         Q3 
prop bud   209.0       0.00000    0.49410    0.49410    0.49410    0.49410 
           245.4       0.00000    0.60240    0.60240    0.60240    0.60240 
           247.4       0.00000    0.37980    0.37980    0.37980    0.37980 
           273.8       0.00000    0.48780    0.48780    0.48780    0.48780 
           294.0       0.00000    0.53930    0.53930    0.53930    0.53930 
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Table 2.3 Dynamics of an Arachnorchis fulva population 
 
Table 2.3.1 Emergence 
 
Table 2.3.1.1 Correlation: Number of plants emerged from 1999 to 2003 vs the number of 
plants expected 
 
Correlations: expected population (based on year before), emerged for the current year 
 
Pearson correlation of expectation and emerged = 0.985 
P-Value = 0.002 
 
expectation emerged 
79 79 
86 82 
89 83 
95 85 
100  89 
 
 
Table 2.3.1.2 Correlation: Number of flowering years per plant (1999 to 2003) vs the number 
of years emerged 
 
Correlations: total emergence, no. of flowers 
 
Pearson correlation of total emergence and no. of flowers = 0.440 
P-Value = 0.000 
 
Descriptive Statistics: total emergence by no. of flowers 
 
Variable   no. of flowers    N       Mean     Median     TrMean      StDev 
years      0                14      4.071      5.000      4.250      1.385 
emerged    1                11      4.000      4.000      4.222      1.265 
           2                15     4.8667     5.0000     4.9231     0.3519 
           3                 9     5.0000     5.0000     5.0000     0.0000 
           4                19     5.0000     5.0000     5.0000     0.0000 
           5                11     5.0000     5.0000     5.0000     0.0000 
 
Variable   no. flowers SE Mean    Minimum    Maximum         Q1         Q3 
years      0             0.370      1.000      5.000      3.500      5.000 
emerged    1             0.381      1.000      5.000      3.000      5.000 
           2            0.0909     4.0000     5.0000     5.0000     5.0000 
           3            0.0000     5.0000     5.0000     5.0000     5.0000 
           4            0.0000     5.0000     5.0000     5.0000     5.0000 
           5            0.0000     5.0000     5.0000     5.0000     5.0000 
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Table 2.3.1.3 Correlation: Number of years emerged vs bud production (population of plants 
emerged in 4 or fewer years) 
 
Correlations: years emerged, buds 
 
Pearson correlation of years emerged and buds = 0.324, P-Value = 0.258 
 
Descriptive Statistics: buds by years emerged 
 
Variable   years em          N       Mean     Median     TrMean      StDev 
buds       1                 2      0.500      0.500      0.500      0.707 
           2                 2    0.00000    0.00000    0.00000    0.00000 
           3                 2     1.0000     1.0000     1.0000     0.0000 
           4                 8      0.875      1.000      0.875      0.835 
 
Variable   years em    SE Mean    Minimum    Maximum         Q1         Q3 
buds       1             0.500      0.000      1.000          *          * 
           2           0.00000    0.00000    0.00000          *          * 
           3            0.0000     1.0000     1.0000          *          * 
           4             0.295      0.000      2.000      0.000      1.750 
 
 
Table 2.3.1.4 Correlation: Number of consecutive years emerged vs bud production 
(population of plants emerged in 4 or fewer years) 
 
Correlations: No. consec. years, No. flowers 
 
Pearson correlation of No. consec. years and No. flowers = 0.183, P-Value = 0.532 
 
Descriptive Statistics: No. flowers by No. consec. years 
 
Variable   No. cons years    N       Mean     Median     TrMean      StDev 
No. flow   1                 3      0.333      0.000      0.333      0.577 
           2                 5      0.800      1.000      0.800      0.837 
           3                 2     1.0000     1.0000     1.0000     0.0000 
           4                 4      0.750      0.500      0.750      0.957 
 
Variable   No.c years  SE Mean    Minimum    Maximum         Q1         Q3 
No. flow   1             0.333      0.000      1.000      0.000      1.000 
           2             0.374      0.000      2.000      0.000      1.500 
           3            0.0000     1.0000     1.0000          *          * 
           4             0.479      0.000      2.000      0.000      1.750 
 
 
Table 2.3.1.5 Correlation: Number of years emerged and the absence of a flower bud 
(population of plants emerged in 4 or fewer years) 
 
Correlations: no_flower, years_emerged 
 
Pearson correlation of no_flower and years_emerged = 0.805, P-Value = 0.001 
 
Descriptive Statistics: no_flower by years_emerged 
 
Variable   years_emerged     N       Mean     Median     TrMean      StDev 
no_flowe   1                 2      0.500      0.500      0.500      0.707 
           2                 2     2.0000     2.0000     2.0000     0.0000 
           3                 2     2.0000     2.0000     2.0000     0.0000 
           4                 8      3.125      3.000      3.125      0.835 
 
Variable   years_em    SE Mean    Minimum    Maximum         Q1         Q3 
no_flowe   1             0.500      0.000      1.000          *          * 
           2            0.0000     2.0000     2.0000          *          * 
           3            0.0000     2.0000     2.0000          *          * 
           4             0.295      2.000      4.000      2.250      4.000 
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Table 2.3.2 Life State 
 
Table 2.3.2.1 Number of plants shifting to budding state between 1999-2003  
 
interval Observed shift to bud Shift other than bud total 
1999-2000 36(16.20) 41(60.8) 77 
2000-2001 12(16.20) 65(60.80) 77 
2001-2002 5(16.41) 73(61.59) 78 
2002-2003 12(16.20) 65(60.80) 77 
Total 65 244 309 
Chi-Sq = 24.210 + 6.449 + 1.088 + 0.290 + 7.931 + 2.113 + 1.088 + 0.290 = 43.459 
DF = 3, P-Value = 0.000 
Significant differences among intervals 
 
 
Table 2.3.2.1a Shift to budding for intervals ‘1999-2000’ vs’2000-2001’ 
interval Observed shift to bud Shift other than bud total 
1999-2000 36(24) 41(53) 77 
2000-2001 12(24) 65(53) 77 
Total 48 106 154 
Chi-Sq = 6.000 + 2.717 + 6.000 + 2.717 = 17.434 (=16.01 Yates’ correction, p<0.001) 
DF = 1, P-Value = 0.000, sig. diff. 
 
 
Table 2.3.2.1b Shift to budding for intervals ‘1999-2000’ vs’2001-2002’ 
interval Observed shift to bud Shift other than bud total 
1999-2000 36(20.37) 41(56.63) 77 
2001-2002 5(20.63) 73(57.37) 78 
Total 41 114 155 
Chi-Sq = 11.998 + 4.315 + 11.844 + 4.260 = 32.416 (=30.38 Yates’ correction, p<0.001) 
DF = 1, P-Value = 0.000, sig. diff. 
 
 
Table 2.3.2.1c Shift to budding for intervals ‘1999-2000’ vs’2002-2003’ 
interval Observed shift to bud Shift other than bud total 
1999-2000 36(24) 41(53) 77 
2002-2003 12(24) 65(53) 77 
Total 58 106 154 
Chi-Sq = 6.000 + 2.717 + 6.000 + 2.717 = 17.434 (=16.01 Yates’ correction, p<0.001) 
DF = 1, P-Value = 0.000, sig. diff.  
 
 
Table 2.3.2.1d Shift to budding for intervals ‘2000-2001’ vs’2001-2002’ 
interval Observed shift to bud Shift other than bud total 
2000-2001 12(8.45) 65(68.55) 77 
2001-2002 5(8.55) 73(69.45) 78 
Total 17 138 155 
Chi-Sq = 1.496 + 0.184 + 1.477 + 0.182 = 3.340 (=2.47 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.068 
 
 
Table 2.3.2.1e Shift to budding for intervals ‘2000-2001’ vs ‘2002-2003’ 
‘2000-2001’ = ‘2002-2003’ n.s. 
 
 
Table 2.3.2.1f Shift to budding for intervals ‘2001-2002’ vs’2002-2003’ 
interval Observed shift to bud Shift other than bud total 
2001-2002 5(8.55) 73(69.45) 78 
2002-2003 12(8.45) 65(68.55) 77 
Total 17 138 155 
Chi-Sq = 1.496 + 0.184 + 1.477 + 0.182 = 3.340 (=2.47 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.068 
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Table 2.3.2.2 Number of plants in “no change” category between 1999-2003 
 
interval Observed ‘no change’ Shift to other states total 
1999-2000 35(49.09) 42(27.91) 77 
2000-2001 54(49.09) 23(27.91) 77 
2001-2002 57(49.73) 21(28.27) 78 
2002-2003 51(49.09) 26(27.91) 77 
Total 197 112 309 
Chi-Sq = 4.044 + 7.114 + 0.491 + 0.864 + 1.063 + 1.870 + 0.074 + 0.131 = 15.652 
DF = 3, P-Value = 0.001 
Significant differences among intervals 
 
 
Table 2.3.2.2a Shift to “no change” for intervals ‘1999-2000’ vs’2000-2001’ 
interval Observed ‘no change’ Shift to other states total 
1999-2000 35(44.5) 42(32.5) 77 
2000-2001 54(44.5) 23(32.5) 77 
Total 89 65 154 
Chi-Sq = 2.028 + 2.777 + 2.028 + 2.777 = 9.610 (=8.63 Yates’ correction, p<0.01) 
DF = 1, P-Value = 0.002, sig. diff.  
 
 
Table 2.3.2.2b Shift to “no change” for intervals ‘2000-2001’ vs’2001-2002’ 
interval Observed ‘no change’ Shift to other states total 
1999-2000 35(45.7) 42(31.3) 77 
2001-2002 57(46.3) 21(31.7) 78 
Total 92 63 155 
Chi-Sq = 2.507 + 3.660 + 2.474 + 3.613 = 12.255 (=11.14 Yates’ correction, p<0.001) 
DF = 1, P-Value = 0.000, sig. diff.  
 
 
Table 2.3.2.2c Shift to “no change” for intervals ‘2001-2002’ vs ‘2002-2003’ 
interval Observed ‘no change’ Shift to other states total 
1999-2000 35(43) 42(34) 77 
2002-2003 51(43) 26(34) 77 
Total 86 68 154 
Chi-Sq = 1.488 + 1.882 + 1.488 + 1.882 = 6.741 (=5.93 Yates’ correction, p<0.02) 
DF = 1, P-Value = 0.009, sig. diff.  
 
 
Table 2.3.2.2d Shift to “no change” for intervals ‘2000-2001’ vs’2001-2002’ 
interval Observed ‘no change’ Shift to other states total 
2000-2001 54(55.14) 23(21.86) 77 
2001-2002 57(55.86) 21(22.14) 78 
Total 111 44 155 
Chi-Sq = 0.024 + 0.060 + 0.023 + 0.059 = 0.166 (=0.05 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.684, n.s. 
 
 
Table 2.3.2.2e Shift to “no change” for intervals ‘2000-2001’ vs’2002-2003’ 
interval Observed ‘no change’ Shift to other states total 
2000-2001 54(52.5) 23(24.5) 77 
2002-2003 51(52.5) 26(24.5) 77 
Total 105 49 154 
Chi-Sq = 0.043 + 0.092 + 0.043 + 0.092 = 0.269 (=0.12 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.604, n.s. 
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Table 2.3.2.2f Shift to “no change” for intervals ‘2001-2002’ vs’2002-2003’ 
interval Observed ‘no change’ Shift to other states total 
2001-2002 57(54.35) 21(23.65) 78 
2002-2003 51(53.65) 26(23.35) 77 
Total 108 47 155 
Chi-Sq = 0.129 + 0.297 + 0.131 + 0.301 = 0.859 (=0.57 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.354, n.s. 
 
 
 
 
Table 2.3.2.3 “ceased flowering” category - Leaf width data 
 
Paired T for width in year prior - width in year ceased flowering 
 
                  N      Mean     StDev   SE Mean 
yr prior         21    10.095     2.700     0.589 
year ceased      21     8.905     3.936     0.859 
Difference       21     1.190     3.281     0.716 
 
95% CI for mean difference: (-0.303, 2.684) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 1.66  P-Value = 0.112 
There was no significant difference between groups. 
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Table 2.3.2.4 “no change” category - Leaf width data all plants 
 
Table 2.3.2.4a Paired T-tests for all plants in “no change” category 1999 vs 2000 
 
Paired T for 1999 width - 2000 width 
 
                  N      Mean     StDev   SE Mean 
1999             34     9.618     3.568     0.612 
2000             34    10.147     3.267     0.560 
Difference       34    -0.529     1.745     0.299 
 
95% CI for mean difference: (-1.138, 0.079) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -1.77  P-Value = 0.086 
There was no significant difference between groups. 
 
 
Table 2.3.2.4b Paired T-tests for all plants in “no change” category 2000 vs 2001 
 
Paired T for 2000 width - 2001 width 
 
                  N      Mean     StDev   SE Mean 
2000             40    10.250     2.862     0.453 
2001             40     9.675     2.368     0.374 
Difference       40     0.575     2.099     0.332 
 
95% CI for mean difference: (-0.096, 1.246) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 1.73  P-Value = 0.091 
There was no significant difference between groups. 
 
 
Table 2.3.2.4c Paired T-tests for all plants in “no change” category 2001 vs 2002 
 
Paired T for 2001 width - 2002 width 
 
                  N      Mean     StDev   SE Mean 
2001             46     9.446     3.270     0.482 
2002             46     9.348     3.573     0.527 
Difference       46     0.098     3.010     0.444 
 
95% CI for mean difference: (-0.796, 0.992) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.22  P-Value = 0.827 
There was no significant difference between groups. 
 
 
Table 2.3.2.4d Paired T-tests for all plants in “no change” category 2002 vs 2003 
 
Paired T for 2002 width - 2003 width 
 
                  N      Mean     StDev   SE Mean 
2002             35     9.143     3.300     0.558 
2003             35    10.829     3.714     0.628 
Difference       35    -1.686     2.193     0.371 
 
95% CI for mean difference: (-2.439, -0.932) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -4.55  P-Value = 0.000 
There was a significant difference between groups. 
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Table 2.3.2.5 Leaf width data of reproductive plants in “no change” category (1999-2003) 
 
Table 2.3.2.5a Paired T-tests for reproductive plants in “no change” category 1999 vs 2000 
 
Paired T for width 1999 - 2000 
 
                  N      Mean     StDev   SE Mean 
1999             16    12.625     1.310     0.328 
2000             16    12.438     1.632     0.408 
Difference       16     0.188     1.223     0.306 
 
95% CI for mean difference: (-0.464, 0.839) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.61  P-Value = 0.549 
There was no significant difference between groups. 
 
 
Table 2.3.2.5b Paired T-tests for reproductive plants in “no change” category 2000 vs 2001 
 
Paired T for width 2000 - 2001 
 
                  N      Mean     StDev   SE Mean 
2000             29    11.655     1.610     0.299 
2001             29    10.483     1.939     0.360 
Difference       29     1.172     2.001     0.372 
 
95% CI for mean difference: (0.411, 1.934) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 3.15  P-Value = 0.004 
There was a significant difference between groups. 
 
 
Table 2.3.2.5c Paired T-tests for reproductive plants in “no change” category 2001 vs 2002 
 
Paired T for width 2001 - 2002 
 
                  N      Mean     StDev   SE Mean 
2001             33    11.000     2.107     0.367 
2002             33    11.182     2.113     0.368 
Difference       33    -0.182     3.127     0.544 
 
95% CI for mean difference: (-1.291, 0.927) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -0.33  P-Value = 0.741 
There was no significant difference between groups. 
 
 
Table 2.3.2.5d Paired T-tests for reproductive plants in “no change” category 2002 vs 2003 
 
Paired T for width 2002 - 2003 
 
                  N      Mean     StDev   SE Mean 
2002             26    10.654     1.979     0.388 
2003             26    12.615     2.061     0.404 
Difference       26    -1.962     1.990     0.390 
 
95% CI for mean difference: (-2.765, -1.158) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -5.03  P-Value = 0.000 
There was a significant difference between groups. 
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Table 2.3.2.6 Leaf width data of vegetative plants in “no change” category (1999-2003) 
 
Table 2.3.2.6a Paired T-tests for vegetative plants in “no change” category 1999 vs 2000 
 
Paired T for width 1999 - 2000 
 
                  N      Mean     StDev   SE Mean 
1999             18     6.944     2.667     0.629 
2000             18     8.111     3.008     0.709 
Difference       18    -1.167     1.917     0.452 
 
95% CI for mean difference: (-2.120, -0.213) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -2.58  P-Value = 0.019 
There was a significant difference between groups. 
 
 
Table 2.3.2.6b Paired T-tests for vegetative plants in “no change” category 2000 vs 2001 
 
Paired T for width 2000 - 2001 
 
                  N      Mean     StDev   SE Mean 
2000             11     6.545     1.968     0.593 
2001             11     7.545     2.115     0.638 
Difference       11    -1.000     1.483     0.447 
 
95% CI for mean difference: (-1.996, -0.004) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -2.24  P-Value = 0.049 
There was a significant difference between groups. 
 
 
Table 2.3.2.6c Paired T-tests for vegetative plants in “no change” category 2001 vs 2002 
 
Paired T for width 2001 - 2002 
 
                  N      Mean     StDev   SE Mean 
2001             13     5.500     2.179     0.604 
2002             13     4.692     1.797     0.499 
Difference       13     0.808     2.673     0.741 
 
95% CI for mean difference: (-0.808, 2.423) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 1.09  P-Value = 0.297 
There was no significant difference between groups. 
 
 
Table 2.3.2.6d Paired T-tests for vegetative plants in “no change” category 2002 vs 2003 
 
Paired T for width 2002 - 2003 
 
                  N      Mean     StDev   SE Mean 
2002              9     4.778     2.279     0.760 
2003              9     5.667     2.236     0.745 
Difference        9    -0.889     2.667     0.889 
 
95% CI for mean difference: (-2.939, 1.161) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -1.00  P-Value = 0.347 
There was no significant difference between groups. 
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Table 2.3.2.7 Leaf width data of vegetative plants changing to reproductive (1999-2003) 
 
Table 2.3.2.7a Correlation: leaf width of vegetative plants (W1) changing to reproductive (W2) 
(1999-2003) 
 
Correlations: Width (veg-Yr1), Width (bud-Yr2) 
 
Pearson correlation of Width (veg) and Width (bud) = 0.587 
P-Value = 0.000 
 
Descriptive Statistics: Width (veg-Yr1), Width (bud-Yr2) 
 
Variable             N       Mean     Median     TrMean      StDev    SE Mean 
W1                  39      7.667      8.000      7.571      2.629      0.421 
W2                  39     10.436     10.000     10.286      2.023      0.324 
 
Variable       Minimum    Maximum         Q1         Q3 
W1               2.000     15.000      6.000      9.000 
W2               7.000     18.000      9.000     11.000 
 
 
Table 2.3.2.7b Paired T-tests for vegetative plants changing to reproductive (1999 vs 2000) 
 
Paired T for width 1999 - 2000 
 
                  N      Mean     StDev   SE Mean 
1999             16     7.875     2.125     0.531 
2000             16    11.063     1.482     0.370 
Difference       16    -3.188     1.834     0.458 
 
95% CI for mean difference: (-4.165, -2.210) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -6.95  P-Value = 0.000 
There was a significant difference between groups. 
 
 
Table 2.3.2.7c Paired T-tests for vegetative plants changing to reproductive (2000 vs 2001) 
 
Paired T for width 2000 - 2001 
 
                  N      Mean     StDev   SE Mean 
2000             11     9.182     2.857     0.861 
2001             11    10.364     3.042     0.917 
Difference       11    -1.182     1.779     0.536 
 
95% CI for mean difference: (-2.377, 0.013) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -2.20  P-Value = 0.052 
There was no significant difference between groups. 
 
 
Table 2.3.2.7d Paired T-tests for vegetative plants changing to reproductive (2001 vs 2002) 
 
Paired T for width 2001 - 2002 
 
                  N      Mean     StDev   SE Mean 
2001              4     7.500     1.915     0.957 
2002              4     9.500     1.291     0.645 
Difference        4    -2.000     0.816     0.408 
 
95% CI for mean difference: (-3.299, -0.701) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -4.90  P-Value = 0.016 
There was a significant difference between groups. 
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Table 2.3.2.7e Paired T-tests for vegetative plants changing to reproductive (2002 vs 2003) 
 
Paired T for 2002 - 2003 
 
                  N      Mean     StDev   SE Mean 
2002              8     5.250     2.053     0.726 
2003              8     9.750     1.282     0.453 
Difference        8    -4.500     2.390     0.845 
 
95% CI for mean difference: (-6.500, -2.500) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -5.32  P-Value = 0.001 
There was a significant difference between groups. 
 
 
 
Table 2.3.2.8 Leaf width data of reproductive plants changing to vegetative (1999-2003) 
 
Table 2.3.2.8a Correlation: leaf width of reproductive plants (RW1) changing to vegetative 
(VW2) (1999-2002) 
 
Correlations: Width (bud-Yr1), Width (veg-Yr2) 
 
Pearson correlation of RW1 and VW2 = 0.430 
P-Value = 0.142 
 
 
Descriptive Statistics: Width (bud-Yr1), Width (veg-Yr2) 
 
Variable    N       Mean     Median     TrMean      StDev    SE Mean 
RW1        13      9.692     10.000      9.818      2.810      0.779 
VW2        13      8.077      8.000      7.909      2.019      0.560 
 
Variable       Minimum    Maximum         Q1         Q3 
RW1              5.000     13.000      8.000     12.500 
VW2              5.000     13.000      6.500      9.000 
 
 
Table 2.3.2.8b Paired T-tests for reproductive plants changing to vegetative (1999 vs 2000) 
 
Paired T for width 1999 - 2000 
 
                  N      Mean     StDev   SE Mean 
1999              4      8.25      2.87      1.44 
2000              4      6.75      1.50      0.75 
Difference        4      1.50      3.11      1.55 
 
95% CI for mean difference: (-3.45, 6.45) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.96  P-Value = 0.406 
There was no significant difference between groups. 
 
 
Table 2.3.2.8c Paired T-tests for reproductive plants changing to vegetative (2000 vs 2001) 
 
Paired T for width 2000- 2001 
 
                  N      Mean     StDev   SE Mean 
2000              2     12.00      1.41      1.00 
2001              2      7.50      0.71      0.50 
Difference        2     4.500     0.707     0.500 
 
95% CI for mean difference: (-1.853, 10.853) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 9.00  P-Value = 0.070 
There was no significant difference between groups. 
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Table 2.3.2.8d Paired T-tests for reproductive plants changing to vegetative (2001 vs 2002) 
 
Paired T for width 2001 - 2002 
 
                  N      Mean     StDev   SE Mean 
2001              7      9.86      2.85      1.08 
2002              7      9.00      2.16      0.82 
Difference        7     0.857     2.410     0.911 
 
95% CI for mean difference: (-1.373, 3.087) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.94  P-Value = 0.383 
There was no significant difference between groups. 
 
 
Table 2.3.2.8e Paired T-tests for reproductive plants changing to vegetative (2002 vs 2003) 
 
Paired T for width 2002 - 2003 
 
                  N      Mean     StDev   SE Mean 
2002              7     11.43      2.88      1.09 
2003              7     13.57      2.94      1.11 
Difference        7    -2.143     1.864     0.705 
 
95% CI for mean difference: (-3.868, -0.418) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -3.04  P-Value = 0.023 
There was a significant difference between groups. 
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Table 2.4 Impact of grazing and collar removal on life state  
 
Table 2.4.1 Variation of grazing frequency among years (1999-2003) 
 
Year Observed grazed not grazed total 
1999 19 60 79 
2000 17 62 79 
2001 38 41 79 
2002 22 57 79 
2003 43 36 79 
Total 139 256 395 
Chi-Sq = 2.786 + 1.512 + 4.196 + 2.278 + 3.742 + 2.032 + 1.210 + 0.657 + 8.311 + 4.513 = 31.237 
DF = 4, P-Value = 0.000 
Significant differences in grazing among years 
 
 
Table 2.4.1a Chi-Square Test: Variation of grazing frequency between years (1999-2001) 
 
Year Observed grazed not grazed total 
1999 19(28.5) 60(50.5) 79 
2001 38(28.5) 41(50.5) 79 
Total 57 101 158 
Chi-Sq = 3.167 + 1.787 + 3.167 + 1.787 = 9.908 (=8.89 Yates’ correction, p<0.01) 
DF = 1, P-Value = 0.002, sig. diff. 
 
 
 
Table 2.4.1b Chi-Square Test: Variation of grazing frequency between years (2000-2001) 
 
Year Observed grazed not grazed total 
2000 17(27.50) 62(51.50) 79 
2001 38(27.50) 41(51.50) 79 
Total 55 103 158 
Chi-Sq = 4.009 + 2.141 + 4.009 + 2.141 = 12.300 (=11.16 Yates’ correction, p<0.001) 
DF = 1, P-Value = 0.000, sig. diff. 
 
 
Table 2.4.1c Chi-Square Test: Variation of grazing frequency between years (2001-2002) 
 
Year Observed grazed not grazed total 
2001 38(30) 41(49) 79 
2002 22(30) 57(49) 79 
Total 60 98 158 
Chi-Sq = 2.133 + 1.306 + 2.133 + 1.306 = 6.879 (=6.05 Yates’ correction, p<0.02) 
DF = 1, P-Value = 0.009, sig. diff. 
 
 
Table 2.4.1d Chi-Square Test: Variation of grazing frequency between years (1999-2000) 
 
Year Observed grazed not grazed total 
1999 19(18) 60(61) 79 
2000 17(18) 62(62) 79 
Total 36 122 158 
Chi-Sq = 0.056 + 0.016 + 0.056 + 0.016 = 0.144 (=0.036 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.704 
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Table 2.4.1e Chi-Square Test: Variation of grazing frequency between years (1999-2002) 
 
Year Observed grazed not grazed total 
1999 19(20.5) 60(58.5) 79 
2002 22(20.5) 57(58.5) 79 
Total 41 117 158 
Chi-Sq = 0.110 + .038 + 0.110 + 0.038 = 0.296 (=0.13 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.586 
 
 
Table 2.4.1f Chi-Square Test: Variation of grazing frequency between years (2000-2002) 
 
Year Observed grazed not grazed total 
2000 17(19.5) 62(59.5) 79 
2002 22(19.5) 57(59.5) 79 
Total 39 119 158 
Chi-Sq = 0.321 + 0.105 + 0.321 + 0.105 = 0.851 (=0.54 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.356 
 
 
Table 2.4.1g Chi-Square Test: Variation of grazing frequency between years (1999-2003) 
 
Year Observed grazed not grazed total 
1999 19(31) 60(48) 79 
2003 43(31) 36(48) 79 
Total 62 96 158 
Chi-Sq = 4.645 + 3.000 + 4.645 + 3.000 = 15.290 (=14.04 Yates’ correction, p<0.001) 
DF = 1, P-Value = 0.000, sig. diff. 
 
 
Table 2.4.1h Chi-Square Test: Variation of grazing frequency between years (2000-2003) 
 
Year Observed grazed not grazed total 
2000 17(30) 62(49) 79 
2003 43(30) 36(49) 79 
Total 60 98 158 
Chi-Sq = 5.633 + 3.449 + 5.633 + 3.449 = 18.165 (=16.79 Yates’ correction, p<0.001) 
DF = 1, P-Value = 0.000, sig. diff. 
 
 
Table 2.4.1i Chi-Square Test: Variation of grazing frequency between years (2002-2003) 
 
Year Observed grazed not grazed total 
2002 22(32.5) 57(46.5) 79 
2003 43(32.5) 36(46.5) 79 
Total 65 93 158 
Chi-Sq = 3.392 + 2.371 + 3.392 + 2.371 = 11.527 (=10.45 Yates’ correction, p<0.01) 
DF = 1, P-Value = 0.001, sig. diff. 
 
 
Table 2.4.1j Chi-Square Test: Variation of grazing frequency between years (2001-2003) 
 
Year Observed grazed not grazed total 
2001 38(40.5) 41(38.5) 79 
2003 43(40.5) 36(38.5) 79 
Total 81 77 158 
Chi-Sq = 0.154 + 0.162 + 0.154 + 0.162 = 0.633 (=0.41 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.426 
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Table 2.4.2 Effect of grazing to ground level among years (1999-2003) 
 
Table 2.4.2a Chi-Square Test: Probability of grazing to ground level vs state (1999-2003) 
 
State Observed grazed to 
ground level 
not grazed total 
vegetative 19 11 30 
reproductive 11 19 30 
Total 30 30 60 
Chi-Sq = 1.067 + 1.067 + 1.067 + 1.067 = 4.267 (=3.27 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.039 n.s. Yates 
 
 
Table 2.4.2b Chi-Square Test: Probability of grazing to ground level vs 2nd year state  
 
Grazed to GL Observed non-budding budding total 
year 1 19 11 30 
year 2 23 7 30 
Total 42 18 60 
Chi-Sq = 0.190 + 0.444 + 0.190 + 0.444 = 1.270 (=0.71 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.260, n.s. 
 
 
 
Table 2.4.2c Paired T-test: Leaf width of plants that were grazed to ground level  
 
Paired T for Year before - Year after 
 
                  N      Mean     StDev   SE Mean 
Yrbefore         15     8.800     3.364     0.868 
Yrafter          15     6.567     3.122     0.806 
Difference       15     2.233     3.590     0.927 
 
95% CI for mean difference: (0.245, 4.221) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 2.41  P-Value = 0.030 
There was a significant difference between groups. 
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Table 2.5 Reproductive biology 
 
Table 2.5.1 Variation in capsule success in relation to pollination type- A. tentaculata 
 
 
Species Treatment Observed 
capsules 
No capsules Total flowers 
A. tentaculata Natural 0 40 40 
A. tentaculata Cross 9 4 13 
     
 
Fisher's exact test (0,40,9,4) 
 
 One-tailed significance level  <0.001  
                   Mid-P value  <0.001  
  
 Two-tailed significance level  
     Two times one-tailed significance level  <0.001  
                                 Mid-P value  <0.001  
     Sum of all outcomes with Prob<=Observed  <0.001  
                                 Mid-P value  <0.001  
 
 
 
Table 2.5.2 Variation in capsule success in relation to pollination type-A. phaeoclavia 
 
     
Species Treatment Observed 
capsules 
No capsules Total flowers 
A. phaeoclavia Natural 0 15 15 
A. phaeoclavia Cross 14 5 19 
     
Chi2 test(0,15,14,5) 
Expected counts are printed below observed counts 
 
            observed capsules     No capsules   Total 
Natural     0                     15               15 
            6.18                   8.82 
 
Cross       14                     5               19 
             7.82                 11.18 
 
Total       14                    20               34 
 
Chi-Sq = 6.176 + 4.324 + 4.876 + 3.413 = 18.789 
DF = 1, P-Value = 0.000 (Yates’ correction Chi2=15.87, p<0.001) 
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Table 2.5.3 Effect of Grazing on capsule success in A. tentaculata  
 
     
Species Treatment Observed 
capsules 
No capsules Total flowers 
A. tentaculata DL Not caged 9 10 19 
A. tentaculata IC Caged 24 0 24 
     
Fisher's exact test(9,10,24,0) 
  
 One-tailed significance level  <0.001  
                   Mid-P value  <0.001  
  
 Two-tailed significance level  
     Two times one-tailed significance level  <0.001  
                                 Mid-P value  <0.001  
     Sum of all outcomes with Prob<=Observed  <0.001  
                                 Mid-P value  <0.001  
 
 
Table 2.5.4 Variation in capsule success in relation to pollination type-A. phaeoclavia 
(Wartook) 
 
     
Species Treatment Observed 
capsules 
no capsules Total flowers 
A. phaeoclavia Cross 14 5 19 
A. phaeoclavia Self 17 5 22 
     
Fisher's exact test(14,5,17,5) 
  
 One-tailed significance level   0.537  
                   Mid-P value   0.400  
  
 Two-tailed significance level  
     Two times one-tailed significance level   1.074  
                                 Mid-P value   0.801  
     Sum of all outcomes with Prob<=Observed   1.000  
                                 Mid-P value   0.863  
 
 
 
Table 2.5.5 Variation in capsule success in relation to pollination type-A. fulva 
 
     
Species Treatment Observed 
capsules 
No capsules Total flowers 
A. fulva Cross 35 1 36 
A. fulva Self 5 0 5 
     
Fisher's exact test (35,1,5,0) 
 
 One-tailed significance level   0.878  
                   Mid-P value   0.439  
  
 Two-tailed significance level  
     Two times one-tailed significance level   1.756  
                                 Mid-P value   0.878  
     Sum of all outcomes with Prob<=Observed   1.000  
                                 Mid-P value   0.561  
 
 
 500 
Table 2.6 Ovary diameter as a measure of reproductive success 
 
Table 2.6.1 A. phaeoclavia - Change in diameter of cross-pollinated ovaries (t=harvest-
t=pollination) 
 
Paired T for APc-t1 - APc-t2 (cross-pollination) 
 
                  N      Mean     StDev   SE Mean 
CPc-t1           17     2.588     0.775     0.188 
CPc-t2           17     6.176     1.286     0.312 
Difference       17    -3.588     0.690     0.167 
 
95% CI for mean difference: (-3.943, -3.233) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -21.44  P-Value = 0.000 
Ovaries significantly different at harvest after cross-pollination than at start  
 
 
Table 2.6.2 A. phaeoclavia - Change in diameter of self-pollinated ovaries (t=harvest-
t=pollination) 
 
Paired T for APs-t1 - APs-t2 (self-pollination) 
 
                  N      Mean     StDev   SE Mean 
CPs-t1           17     2.353     0.460     0.112 
CPs-t2           17     5.353     0.862     0.209 
Difference       17    -3.000     0.685     0.166 
 
95% CI for mean difference: (-3.352, -2.648) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -18.07  P-Value = 0.000 
Ovaries significantly different at harvest after self-pollination than at start  
 
 
Table 2.6.3 A. tentaculata - Change in diameter of cross-pollinated ovaries (t=harvest-
t=pollination) 
 
Paired T for CTc-t1 - CTc-t2 (cross-pollination) 
 
                  N      Mean     StDev   SE Mean 
CTc-t1           24     2.458     0.415     0.085 
CTc-t2           24     5.750     0.944     0.193 
Difference       24    -3.292     0.833     0.170 
 
95% CI for mean difference: (-3.643, -2.940) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -19.36  P-Value = 0.000 
Ovaries significantly different at harvest than at start after cross-pollination 
 
 
Table 2.6.4 A. tentaculata - Change in diameter of self-pollinated ovaries (t=harvest-
t=pollination) 
 
Paired T for CTs-t1 - CTs-t2 (self-pollination) 
 
                  N      Mean     StDev   SE Mean 
CTs-t1           20     2.475     0.343     0.077 
CTs-t2           20     5.775     0.617     0.138 
Difference       20    -3.300     0.677     0.151 
 
95% CI for mean difference: (-3.617, -2.983) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -21.81  P-Value = 0.000 
Ovaries significantly different at harvest than at start after self-pollination 
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Table 2.6.5 A. phaeoclavia - Diameter of ovaries at pollination  
 
Two-sample T for APcrossed-t1 vs APselfed-t1 (at pollination) 
 
         N      Mean     StDev   SE Mean 
APc-t1  17     2.588     0.775      0.19 
APs-t1  17     2.353     0.460      0.11 
 
Difference = mu APc-t1 - mu APs-t1 
Estimate for difference:  0.235 
95% CI for difference: (-0.214, 0.685) 
T-Test of difference = 0 (vs not =): T-Value = 1.08  P-Value = 0.292  DF = 26 
There was no difference in ovary diameters between the 2 groups at pollination 
 
 
Table 2.6.6 A. phaeoclavia - Difference in diameter of harvested capsules self- vs cross-
pollination  
 
Two-sample T for APc-t2 vs APs-t2 (harvest diameters) 
 
         N      Mean     StDev   SE Mean 
APc-t2  17      6.18      1.29      0.31 
APs-t2  17     5.353     0.862      0.21 
 
Difference = mu APc-t2 - mu APs-t2 
Estimate for difference:  0.824 
95% CI for difference: (0.053, 1.594) 
T-Test of difference = 0 (vs not =): T-Value = 2.19  P-Value = 0.037  DF = 27 
Cross-pollinated ovaries significantly different at harvest when compared with selfed ovaries  
 
 
Table 2.6.7 A. tentaculata - Ovary diameters at pollination (cross vs self)  
 
Two-sample T for ATcrossed-t1 vs ATselfed-t1 (at pollination) 
 
         N      Mean     StDev   SE Mean 
ATc-t1  24     2.458     0.415     0.085 
ATs-t1  20     2.475     0.343     0.077 
 
Difference = mu ATc-t1 - mu ATs-t1 
Estimate for difference:  -0.017 
95% CI for difference: (-0.247, 0.214) 
T-Test of difference = 0 (vs not =): T-Value = -0.15  P-Value = 0.885  DF = 41 
There was no difference in ovary diameters between the 2 groups at pollination 
 
 
Table 2.6.8 A. tentaculata - Ovary diameters at harvest (cross vs self)  
 
Two-sample T for ATc-t2 vs ATs-t2 (at harvest) 
 
         N      Mean     StDev   SE Mean 
ATc-t2  24     5.750     0.944      0.19 
ATs-t2  20     5.775     0.617      0.14 
 
Difference = mu ATc-t2 - mu ATs-t2 
Estimate for difference:  -0.025 
95% CI for difference: (-0.504, 0.454) 
T-Test of difference = 0 (vs not =): T-Value = -0.11  P-Value = 0.917  DF = 39 
No difference in ovary diameters at harvest for the 2 groups 
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Table 2.6.9 A. fulva - Change in diameter of cross-pollinated ovaries (harvest-pollination) 
 
Paired T for CFc-t1 - CFc-t2 (cross-pollination) 
 
                  N      Mean     StDev   SE Mean 
CFc-t1           34     6.279     0.846     0.145 
CFc-t2           34     7.765     0.955     0.164 
Difference       34    -1.485     1.300     0.223 
 
95% CI for mean difference: (-1.939, -1.032) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -6.66  P-Value = 0.000 
Ovaries significantly different at harvest than at start after cross-pollination 
 
 
Table 2.6.10 A. fulva - Change in diameter of self-pollinated ovaries (harvest-pollination) 
 
Paired T for CFs-t1 - CFs-t2 (self-pollination) 
 
                  N      Mean     StDev   SE Mean 
CFs-t1            5     5.300     0.447     0.200 
CFs-t2            5     6.200     1.095     0.490 
Difference        5    -0.900     0.742     0.332 
 
95% CI for mean difference: (-1.821, 0.021) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -2.71  P-Value = 0.053 
Ovaries not different at harvest than at start after self-pollination 
 
 
Table 2.6.11 A. fulva - Ovary diameters at pollination (cross vs self)  
 
Two-sample T for AFcrossed-t1 vs AFselfed-t1 (at pollination) 
 
         N      Mean     StDev   SE Mean 
AFc-t1  34     6.279     0.846      0.15 
AFs-t1   5     5.300     0.447      0.20 
 
Difference = mu AFc-t1 - mu AFs-t1 
Estimate for difference:  0.979 
95% CI for difference: (0.421, 1.538) 
T-Test of difference = 0 (vs not =): T-Value = 3.96  P-Value = 0.003  DF = 9 
Ovaries to be cross-pollinated were significantly different from the group of ovaries to be self-pollinated at the start 
of the experiment 
 
 
Table 2.6.12 A. fulva - Diameters of cross-pollinated ovaries (t=18 days vs t=36 days)  
 
Two-sample T for Harvest-18 days vs 36 days 
 
          N      Mean     StDev   SE Mean 
36 days  28      1.59      1.39      0.26 
18 days  28     2.250     0.631      0.12 
 
Difference = mu 3-1 - mu 2-1 
Estimate for difference:  -0.661 
95% CI for difference: (-1.245, -0.077) 
T-Test of difference = 0 (vs not =): T-Value = -2.29  P-Value = 0.028  DF = 37 
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Table 2.6.13 A. phaeoclavia - Diameters of self-pollinated ovaries (t=17 days vs t=28 days)  
 
Two-sample T for A. phaeoclavia self-pollinated ovaries: (t=17 days vs t=28 days) 
 
          N      Mean     StDev   SE Mean 
17 days  16     2.438     0.512      0.13 
28 days  16     3.000     0.707      0.18 
 
Difference = mu CPs2-1 - mu CPs3-1 
Estimate for difference:  -0.563 
95% CI for difference: (-1.010, -0.115) 
T-Test of difference = 0 (vs not =): T-Value = -2.58  P-Value = 0.016  DF = 27 
 
 
Table 2.6.14 A. phaeoclavia - Diameters of cross-pollinated ovaries (t=17 days vs t=28 days)  
 
Two-sample T for A. phaeoclavia cross-pollinated ovaries: (t=17 days vs t=28 days) 
 
          N      Mean     StDev   SE Mean 
17 days  16     2.875     0.695      0.17 
28 days  16     3.563     0.704      0.18 
 
Difference = mu CPc2-1 - mu CPc3-1 
Estimate for difference:  -0.688 
95% CI for difference: (-1.193, -0.182) 
T-Test of difference = 0 (vs not =): T-Value = -2.78  P-Value = 0.009  DF = 29 
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Table 2.7 Chemical testing of orchid embryos for viability 
 
Table 2.7.1 Viability of orchid embryos across species (cross-pollinated) 
 
Species Observed viable Not viable Total seeds 
A. tentaculata (crossed) 235 222 457 
A. phaeoclavia (crossed) 206 62 268 
A. fulva (crossed) 228 213 441 
A. venusta (crossed) 253 350 603 
Total 922 847 1769 
Chi-Sq = 0.043 + 0.046 + 31.487 + 34.275 + 0.015 + 0.016 + 11.950 + 13.008 = 90.840 
DF = 3, P-Value = 0.000 
 
 
Table 2.7.1a Viability of cross-pollinated orchid embryos A. phaeoclavia vs A. tentaculata  
 
Species Observed viable Not viable Total seeds 
A. phaeoclavia (crossed) 206(163.02) 62(104.98) 268 
A. tentaculata (crossed) 235(277.98) 222(179.02) 457 
Total 441 284 725 
Chi-Sq = 6.646 + 10.320 + 11.333 + 17.598 = 45.897 (=44.84 Yates’ correction, p<0.001) 
DF = 1, P-Value = 0.000, sig. diff. 
 
 
Table 2.7.1b Viability of cross-pollinated orchid embryos A. phaeoclavia vs A. fulva 
 
Species Observed viable Not viable Total seeds 
A. phaeoclavia (crossed) 206(164.05) 62(103.95) 268 
A. fulva (crossed) 228(269.95) 213(171.05) 441 
Total 434 275 709 
Chi-Sq = 10.727 + 16.929 + 6.519 + 10.288 = 44.462 (=43.41 Yates’ correction, p<0.001) 
DF = 1, P-Value = 0.000, sig. diff. 
 
Table 2.7.1c Viability of cross-pollinated orchid embryos A. phaeoclavia vs A. venusta 
 
Species observed viable Not viable Total seeds 
A. phaeoclavia (crossed) 206(141.23) 62(126.77) 268 
A. venusta (crossed) 253(317.77) 350(285.23) 603 
Total 459 412 871 
Chi-Sq = 29.704 + 33.092 + 13.202 + 14.708 = 90.705 (=89.31 Yates’ correction, p<0.001) 
DF = 1, P-Value = 0.000, sig. diff. 
 
 
Table 2.7.1d Viability of cross-pollinated orchid embryos A. fulva vs A. venusta 
 
Species observed viable Not viable Total seeds 
A. fulva (crossed) 228(203.18) 213(237.82) 441 
A. venusta (crossed) 253(277.82) 350(325.18) 603 
Total 481 563 1044 
Chi-Sq = 3.032 + 2.590 + 2.217 + 1.894 = 9.733 (=9.35 Yates’ correction, p<0.01) 
DF = 1, P-Value = 0.002, sig. diff. 
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Table 2.7.1e Viability of cross-pollinated orchid embryos A. tentaculata vs A. venusta  
 
Species Observed viable Not viable Total seeds 
A. tentaculata (crossed) 235(210.39) 222(246.61) 457 
A. venusta (crossed) 253(277.61) 350(325.39) 603 
Total 488  1060 
Chi-Sq = 2.878 + 2.455 + 2.181 + 1.861 = 9.376 (=9 Yates’ correction, p<0.01) 
DF = 1, P-Value = 0.002, sig. diff. 
 
 
Table 2.7.1f Viability of cross-pollinated orchid embryos A. tentaculata vs A. fulva  
 
Species Observed viable Not viable Total seeds 
A. tentaculata (crossed) 235(235.62) 222(221.38) 457 
A. fulva (crossed) 228(227.38) 213(213.62) 441 
Total 463 435 898 
Chi-Sq = 0.002 + 0.002 + 0.002 + 0.002 = 0.007 (=0.0002 Yates’ correction, p>0.05) 
DF = 1, P-Value = 0.933 
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Table 2.7.2 Viability of cross-fertilised embryos vs self-fertilised embryos 
 
Table 2.7.2a A. tentaculata selfed vs crossed seed 
 
Mood median test for A. tentaculata selfed/crossed seed 
 
Chi-Square = 39.51   DF = 1   P = 0.000 
 
                                        Individual 95.0% CIs 
trtAT     N<=    N>   Median    Q3-Q1  ------+---------+---------+---------+ 
crossed     2    26    0.680    0.105                             (-----+---) 
selfed     29     4    0.490    0.125  (-----+-----) 
                                        ------+---------+---------+---------+ 
                                          0.490     0.560     0.630     0.700 
Overall median = 0.590 
 
A 95.0% CI for median(1) - median(2): (0.120,0.210) 
Cross-pollinated seed significantly more viable 
 
Table 2.7.2b A. phaeoclavia selfed vs crossed seed 
 
Mood median test for A. phaeoclavia selfed/crossed seed 
 
Chi-Square = 46.76   DF = 1   P = 0.000 
 
                                        Individual 95.0% CIs 
trtAP      N<=    N>   Median    Q3-Q1  -----+---------+---------+---------+- 
crossed      7    34    0.830    0.100                            (-+--) 
selfed      29     0    0.580    0.085  (--+-) 
                                        -----+---------+---------+---------+- 
                                          0.60      0.70      0.80      0.90 
Overall median = 0.770 
 
A 95.0% CI for median(1) - median(2): (0.230,0.290) 
Cross-pollinated seed significantly more viable 
 
 
Table 2.7.2c A. fulva selfed vs crossed seed 
 
Analysis of Variance for A. fulva selfed/crossed seed  
Source     DF        SS        MS        F        P 
trtCF       1   0.22182   0.22182    36.45    0.000 
Error      69   0.41994   0.00609 
Total      70   0.64176 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ---+---------+---------+---------+--- 
crossed    29   0.67276   0.08272                        (-----*----)  
selfed     42   0.55905   0.07463  (----*----)  
                                   ---+---------+---------+---------+--- 
Pooled StDev =  0.07801             0.550     0.600     0.650     0.700 
Cross-pollinated seed significantly more viable 
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Table 2.7.2d Proportion of colored embryos for cross-pollinated seeds vs species 
 
One-way ANOVA: Proportion of colored embryos for cross-pollinated seeds vs species 
 
Source     DF        SS        MS        F        P 
species     2   0.60212   0.30106    65.10    0.000 
Error      95   0.43933   0.00462 
Total      97   1.04145 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ---+---------+---------+---------+--- 
A. fulva   29   0.67276   0.08272   (---*---)  
A. phaeo   41   0.83171   0.05665                              (---*--)  
A. tentac  28   0.67286   0.06649   (---*---)  
                                   ---+---------+---------+---------+--- 
Pooled StDev =  0.06800             0.660     0.720     0.780     0.840 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0192 
 
Critical value = 3.37 
 
Intervals for (column level mean) - (row level mean) 
 
             trtCF       trtCP 
 
   trtCP    -0.19827 
            -0.11963 
 
   trtCT    -0.04303     0.11912 
             0.04284     0.19858 
Cross pollinated seeds of A. phaeoclavia more viable than other two species. 
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Table 2.7.2e Proportion of colored embryos for self-pollinated seeds vs species 
 
One-way ANOVA: Proportion of colored embryos for self-pollinated seeds vs species 
 
Source     DF        SS        MS        F        P 
species2    2   0.09347   0.04673     5.17    0.007 
Error     101   0.91318   0.00904 
Total     103   1.00665 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ----+---------+---------+---------+-- 
A. fulva   42   0.55905   0.07463                  (-------*------)  
A. phaeo   29   0.56862   0.06128                   (--------*--------)  
A. tent    33   0.49909   0.13459   (-------*-------)  
                                   ----+---------+---------+---------+-- 
Pooled StDev =  0.09509              0.480     0.520     0.560     0.600 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0194 
 
Critical value = 3.36 
 
Intervals for (column level mean) - (row level mean) 
 
             trtCF       trtCP 
 
   trtCP    -0.06412 
             0.04497 
 
   trtCT     0.00740     0.01203 
             0.11251     0.12703 
Self-pollinated seeds of A. tentaculata less viable than the other two species 
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Table 3.1  Exp. 1: Viability testing using fluorescein diacetate (FDA). 
 
Table 3.1.1 A. phaeoclavia vs A. fulva (fresh seed soaked in water) 
 
Chi2 Test: A. phaeoclavia vs A. fulva (fresh seed) 
 
Expected counts are printed below observed counts 
 
                          bright   not bright  Total 
A. phaeoclavia (fresh)    191      116         307 
                          185.36   121.64 
 
A. fulva (fresh)           65       52         117 
                           70.64    46.36 
 
                  Total   256      168         424 
 
Chi-Sq = 0.172 + 0.262 + 0.451 + 0.687 = 1.570 
DF = 1, P-Value = 0.210 (Yates’ correction Chi2=1.3, p>0.05) 
No difference in viability between species 
 
 
Table 3.1.2 Fresh vs old seed (A. fulva seed soaked in water) 
 
Chi2 Test: Fresh vs old seed (A. fulva seed) 
 
Expected counts are printed below observed counts 
 
                      bright   not bright  Total 
A. fulva (fresh)      65       52          117 
                      73.77    43.23 
 
A. fulva (old)       208      108          316 
                     199.23   116.77 
 
          Total      273      160          433 
 
Chi-Sq = 1.042 + 1.778 + 0.386 + 0.658 = 3.864 
DF = 1, P-Value = 0.049 (Yates’ correction Chi2=3.44, p>0.05) 
  
No difference in viability between fresh and aged seed 
 
 
Table 3.1.3 Treatment with NaOCl: A. phaeoclavia (3 min, 5 min vs water) 
 
Chi2 Test: Treatment with NaOCl: A. phaeoclavia 
 
Expected counts are printed below observed counts 
 
                             bright   not bright    Total 
A. phaeoclavia (water)       191      116           307 
                             177.80   129.20 
 
A. phaeoclavia (3 min ss)    335      241           576 
                             333.58   242.42 
 
A. phaeoclavia (5 min ss)    268      220           488 
                             282.62   205.38 
 
                  Total      794      577           1371 
 
Chi-Sq = 0.981 + 1.349 + 0.006 + 0.008 + 0.756 +  1.041 = 4.141 
DF = 2, P-Value = 0.126 
No difference in viability among groups 
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Table 3.1 (cont’d)  Exp. 1: Viability testing using fluorescein diacetate (FDA). 
 
Table 3.1.4 Treatment with NaOCl: A. fulva (10 min vs water) 
 
Chi2 Test: Treatment with NaOCl: A. fulva (10 min vs water) 
 
Expected counts are printed below observed counts 
 
                        bright  not bright    Total 
A. fulva (10 min ss)    10      806           816 
                       184.89   631.11 
 
A. fulva (water)       273      160           433 
                        98.11   334.89 
 
            Total      283      966          1249 
 
Chi-Sq =165.431 + 48.465 + 311.759 + 91.333 = 616.989 
DF = 1, P-Value = 0.000 (Yates’ correction Chi2=613.47, p<0.001) 
There was a significant difference between groups 
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Table 3.2 Exp. 2: Viability testing using tetrazolium chloride (TTC) vs germination. 
 
Table 3.2.1 Germination and viability (TTC) correlation with time in hypochlorite 
 
Treatment compared Sample size Pearson’s 
correlation 
p-value Sig. or n.s. 
Germination and time 30 -0.953 <0.001 sig. 
TTC and time 4 -0.996 0.004 sig. 
TTC * and time 5 -0.757 0.138 n.s. 
TTC and germination 20 0.93 <0.001 sig. 
* including water soak of t=0 (no sodium hypochlorite)  
 
 
Table 3.2.2 Regression Analysis: viability by TTC assay versus time in hypochlorite (including 
t=0) 
 
Data are normally distributed 
 
The regression equation is 
viability = 54.6 - 2.86 time (min) 
 
Predictor        Coef     SE Coef          T        P 
Constant        54.58       10.13       5.39    0.013 
time           -2.859       1.424      -2.01    0.138 
 
S = 13.11       R-Sq = 57.3%     R-Sq(adj) = 43.1% 
 
Analysis of Variance 
 
Source            DF          SS          MS         F        P 
Regression         1       693.0       693.0      4.03    0.138 
Residual Error     3       515.9       172.0 
Total              4      1208.9 
 
Residuals are normally distributed 
Accept ANOVA, with t=0 included in the dataset, there is no significant association between viability 
and time in hypochlorite. 
 
 
Table 3.2.3 Regression Analysis: viability by TTC assay versus time in hypochlorite (excluding 
t=0) 
 
Data are normally distributed 
 
The regression equation is 
viability = 75.7 - 5.28 time (min) 
 
Predictor        Coef     SE Coef          T        P 
Constant       75.724       2.654      28.53    0.001 
Time          -5.2823      0.3337     -15.83    0.004 
 
S = 2.182       R-Sq = 99.2%     R-Sq(adj) = 98.8% 
 
Analysis of Variance 
 
Source            DF          SS          MS         F        P 
Regression         1      1192.8      1192.8    250.58    0.004 
Residual Error     2         9.5         4.8 
Total              3      1202.4 
 
Residuals are normally distributed 
Accept ANOVA, with t=0 excluded from the dataset, there is a significant negative association 
between viability and time in hypochlorite. 
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Table 3.2 (cont’d) Exp. 2: Viability testing using tetrazolium chloride (TTC) vs 
germination. 
 
Table 3.2.4 Regression Analysis: proportion germinated vs T1, T3, T4.5, T6, T8, T12 
 
Data are normally distributed 
 
* T12 is highly correlated with other X variables 
* T12 has been removed from the equation 
 
 
The regression equation is 
prop germ = 0.152 + 0.488 T1 - 0.138 T3 + 0.368 T4.5 + 0.279 T6 + 0.145 T8 
 
Predictor        Coef     SE Coef          T        P 
Constant      0.15158     0.02900       5.23    0.000 
T1            0.48839     0.04101      11.91    0.000 
T3           -0.13843     0.04101      -3.38    0.003 
T4.5          0.36842     0.04101       8.98    0.000 
T6            0.27947     0.04101       6.81    0.000 
T8            0.14539     0.04101       3.54    0.002 
 
S = 0.06485     R-Sq = 93.2%     R-Sq(adj) = 91.7% 
 
Analysis of Variance 
 
Source            DF          SS          MS         F        P 
Regression         5     1.37416     0.27483     65.35    0.000 
Residual Error    24     0.10093     0.00421 
Total             29     1.47510 
 
Source       DF      Seq SS 
T1            1     0.53229 
T3            1     0.45361 
T4.5          1     0.19288 
T6            1     0.14253 
T8            1     0.05285 
 
Unusual Observations 
Obs         T1   prop ger         Fit      SE Fit    Residual    St Resid 
  1       1.00     0.5065      0.6400      0.0290     -0.1335       -2.30R  
 
R denotes an observation with a large standardized residual 
 
Residuals are normally distributed 
Accept ANOVA, there is a significant association between germination (stage 2+3) and time in 
hypochlorite. 
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Table 3.3 Exp. 4. Effect of nine fungal isolates from five orchid species on 
germination of A. phaeoclavia seeds 
 
Table 3.3.1 Does germination vary with fungal isolate? 
 
Germination data are normally distributed, proceed with one-way ANOVA 
 
One-way ANOVA: Germination versus fungus 
 
Analysis of Variance for Germination     
Source     DF        SS        MS        F        P 
fungus      6      7758      1293     5.90    0.001 
Error      20      4381       219 
Total      26     12139 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -----+---------+---------+---------+- 
CPR13       5     35.24     12.16              (----*---)  
CPR18 orig  5     32.84     16.36             (----*----)  
CPR18(SHTX) 3     65.33     19.14                       (-----*-----)  
CPR21       4      2.55      2.05   (----*----)  
CPR25       3     26.87     16.71          (-----*-----)  
CRR11B      3     13.60      6.42      (-----*----)  
CTR1        4     27.75     21.08           (----*----)  
                                   -----+---------+---------+---------+- 
Pooled StDev =    14.80                 0        30        60        90 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.00386 
 
Critical value = 4.62 
 
Intervals for (column level mean) - (row level mean) 
 
             CPR13       CPR18 orig  CPR18(SHTX  CPR21       CPR25     CRR11B 
 
CPR18 orig  -28.18 
             32.98 
 
CPR18(SHTX  -65.40      -67.80 
              5.22        2.82 
 
CPR21         0.26       -2.14       25.85 
             65.12       62.72       99.71 
 
CPR25       -26.94      -29.34       -1.01      -61.25 
             43.68       41.28       77.94       12.61 
 
CRR11B      -13.67      -16.07       12.26      -47.98      -26.21 
             56.95       54.55       91.21       25.88       52.74 
 
CTR1        -24.94      -27.34        0.65      -59.39      -37.81     -51.08 
             39.92       37.52       74.51        8.99       36.05      22.78 
 
Residuals are normally distributed 
Accept ANOVA, CPR18 (SHTX) gives significantly different germination when compared with CPR21, 
CRR11 and CTR1 but not for CPR18 (orig), CPR13 or CPR25.
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Table 3.3.2 Does germination vary among isolates from three species of Arachnorchis? 
 
Germination data are normally distributed, proceed with one-way ANOVA 
 
One-way ANOVA: Germination versus fungal host 
 
Analysis of Variance for Germination  
Source     DF        SS        MS        F        P 
fungus h    2       829       414     0.88    0.428 
Error      24     11311       471 
Total      26     12139 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -------+---------+---------+--------- 
CP         20     31.36     22.82                    (----*----)  
CR          3     13.60      6.42   (------------*------------)  
CT          4     27.75     21.08            (----------*----------)  
                                   -------+---------+---------+--------- 
Pooled StDev =    21.71                   0        20        40 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0198 
 
Critical value = 3.53 
 
Intervals for (column level mean) - (row level mean) 
 
                CP          CR 
 
      CR      -15.79 
               51.31 
 
      CT      -26.07      -55.54 
               33.29       27.24 
 
Residuals are normally distributed 
Accept ANOVA, CP fungal cultures are not significantly different at germinating seeds of CP seeds 
than cultures from CR or CT. 
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Table 3.3.3 Levels of germination among isolates from Arachnorchis phaeoclavia plants 
 
Germination data are normally distributed, proceed with one-way ANOVA 
 
One-way ANOVA: Germination versus CP fungus 
 
Analysis of Variance for Germination   
Source     DF        SS        MS        F        P 
CPfungus    4      6929      1732     8.76    0.001 
Error      15      2966       198 
Total      19      9895 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -----+---------+---------+---------+- 
CPR13       5     35.24     12.16              (----*---)  
CPR18 orig  5     32.84     16.36             (----*---)  
CPR18(SHTX  3     65.33     19.14                       (-----*-----)  
CPR21       4      2.55      2.05   (----*----)  
CPR25       3     26.87     16.71          (-----*-----)  
                                   -----+---------+---------+---------+- 
Pooled StDev =    14.06                 0        30        60        90 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.00747 
 
Critical value = 4.37 
 
Intervals for (column level mean) - (row level mean) 
 
               CPR13       CPR18 orig  CPR18(SHTX  CPR21    
 
CPR18 orig    -25.08 
               29.88 
 
CPR18(SHTX    -61.83      -64.23 
                1.64       -0.76 
 
CPR21           3.54        1.14       29.60 
               61.84       59.44       95.97 
 
CPR25         -23.36      -25.76        2.99      -57.50 
               40.11       37.71       73.95        8.87 
 
Residuals are normally distributed 
Accept ANOVA, CPR18 (SHTX) gives significantly different germination than CPR21, CPR18 (orig) or 
CPR25, but not different from CPR13 
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Table 3.3.4  Variation in germination relating to month of collection of isolates from 
Arachnorchis phaeoclavia plants 
 
Germination data are normally distributed, proceed with one-way ANOVA (see below). 
Residuals not normally distributed and cannot accept ANOVA finding.  Use Kruskal-Wallis test (non-
parametric). 
 
Kruskal-Wallis Test: Germ_1 versus month 
 
month       N    Median    Ave Rank         Z 
may         7     4.800         5.8     -2.62 
nov         8    44.050        14.2      2.28 
sept        5    31.100        11.2      0.31 
Overall    20                  10.5 
 
H = 7.62  DF = 2  P = 0.022 
H = 7.63  DF = 2  P = 0.022 (adjusted for ties) 
 
There is a significant difference among the months of collection. 
 
One-way ANOVA: Germination versus month of collection 
 
Analysis of Variance for Germ_1   
Source     DF        SS        MS        F        P 
month       2      3936      1968     5.61    0.013 
Error      17      5959       351 
Total      19      9895 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -+---------+---------+---------+----- 
may         7     12.97     16.25  (------*-------)  
nov         8     45.03     23.25                   (------*-----)  
sept        5     35.24     12.16            (--------*-------)  
                                   -+---------+---------+---------+----- 
Pooled StDev =    18.72             0        20        40        60 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0200 
 
Critical value = 3.63 
 
Intervals for (column level mean) - (row level mean) 
 
              may         nov  
 
    nov       -56.93 
               -7.18 
 
    sept      -50.41      -17.61 
                5.87       37.18 
 
Residuals are not normally distributed and transformation of raw data to obtain normal residuals was 
unsuccessful.  Cannot accept ANOVA finding, but ANOVA suggests a significant difference between 
May and November for germination. 
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Table 3.4 Exp. 5. Effect of 26 fungal isolates from seven orchid species on 
germination of A. fulva seeds 
 
Table 3.4.1 Does germination of A. fulva seeds vary with fungal isolate? 
 
Germination data with means of zero were removed. 
Data not normally distributed.  Small sample sizes. 
Data could not be transformed for normality. Use Kruskal-Wallis test (non-parametric). 
 
Kruskal-Wallis Test: germinationCF versus CFfungus 
 
Kruskal-Wallis Test on germCF   
 
CFfungus    N    Median    Ave Rank         Z 
CFR22 2.    5  0.00E+00        11.4     -0.22 
CFR26 4.    8  6.00E-01        12.6      0.32 
CFR27       5  0.00E+00        11.8     -0.07 
CFR28       5  0.00E+00        11.8     -0.07 
Overall    23                  12.0 
 
H = 0.12  DF = 3  P = 0.990 
H = 0.14  DF = 3  P = 0.986 (adjusted for ties) 
 
Germination of A. fulva seeds was not significantly different when different fungi from A. fulva were 
used. 
 
 
Table 3.4.2 Does germination of A. fulva seeds vary with month of collection of collars? 
 
Data not normally distributed.  Small sample sizes.  Use Kruskal-Wallis test (non-parametric). 
 
Kruskal-Wallis Test: germination of CF seeds vs month of collection of CF fungi 
 
month       N    Median    Ave Rank         Z 
July        5  0.00E+00        59.4      1.17 
June       63  0.00E+00        41.0     -2.71 
May        13  0.00E+00        61.8      2.34 
Sept       10  0.00E+00        50.2      0.53 
Overall    91                  46.0 
 
H =  8.48  DF = 3  P = 0.037 
H = 28.75  DF = 3  P = 0.000 (adjusted for ties) 
 
There was a significant difference in germination of A. fulva seeds with month of collar collection. 
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One-way ANOVA: germination of A. fulva seeds vs month of collection of A. fulva fungi 
 
Analysis of Variance for germination   
Source     DF        SS        MS        F        P 
month       3     58.71     19.57     7.43    0.000 
Error      87    229.24      2.63 
Total      90    287.96 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -----+---------+---------+---------+- 
July        5     1.520     2.198        (-------------*--------------)  
June       63    -0.000     0.000   (---*---)  
May        13     2.192     3.917                    (--------*--------)  
Sept       10     0.740     1.694    (---------*----------)  
                                   -----+---------+---------+---------+- 
Pooled StDev =    1.623               0.0       1.0       2.0       3.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0105 
 
Critical value = 3.70 
 
Intervals for (column level mean) - (row level mean) 
 
              July        June        May  
 
    June      -0.453 
               3.493 
 
    May       -2.907      -3.486 
               1.563      -0.899 
 
    Sept      -1.546      -2.186      -0.334 
               3.106       0.706       3.239 
 
Raw data and residuals not normal, but ANOVA suggests a difference in germination between fungi 
collected in May and June. 
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Table 3.5 Exp. 6. Effect of fungal isolates from the collar CALAPHAER18 on seeds 
from nine orchid species 
 
Table 3.5.1 Germination data for all 9 species vs collar CALAPHAER18 
 
Germination data with means of zero included. 
Data not normally distributed.  Small sample sizes.  Use Kruskal-Wallis test (non-parametric). 
 
Kruskal-Wallis Test: germination versus species (seed) 
 
seed_1      N    Median    Ave Rank         Z 
A. amoen    2  0.00E+00         6.0     -1.44 
A. hasta    3  0.00E+00         6.0     -1.81 
A. phaeo    8  4.41E+01        16.6      1.39 
A. tenta    4  6.95E+01        21.0      2.13 
A. venus    3  0.00E+00         6.0     -1.81 
A. clavig   3  0.00E+00         6.0     -1.81 
Glossodi    3  7.80E+01        22.7      2.21 
Overall    26                  13.5 
 
H = 20.07  DF = 6  P = 0.003 
H = 21.70  DF = 6  P = 0.001 (adjusted for ties) 
 
* NOTE * One or more small samples 
 
Germination using the fungus CALAPHAER18 differed significantly between orchid species. 
 
 
Table 3.5.2 Germination data for all 9 species vs collar CALAPHAER18 
 
Germination data with means of zero were removed leaving 3 species to test. 
Data were normally distributed, proceed with ANOVA. 
 
One-way ANOVA: germination versus seed 
 
Analysis of Variance for germination     
Source     DF        SS        MS        F        P 
seed        2      2100      1050     2.81    0.100 
Error      12      4478       373 
Total      14      6578 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -----+---------+---------+---------+- 
A. phaeo    8     45.03     23.25  (-------*------)  
A. tenta    4     66.00     11.75         (----------*----------)  
Glossodi    3     71.67     11.85           (-----------*-----------)  
                                   -----+---------+---------+---------+- 
Pooled StDev =    19.32                40        60        80       100 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0206 
 
Critical value = 3.77 
Intervals for (column level mean) - (row level mean) 
 
          A. phaeo    A. tenta 
 
A. tenta      -52.51 
               10.56 
 
Glossodi      -61.50      -45.00 
                8.22       33.66 
 
Residuals are normally distributed. 
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Accept ANOVA, of the 3 species that germinated, none germinated significantly different from any 
other. 
 
 
Table 3.5.3 Comparison of original CALAPHAER18 culture vs CALAPHAER18 SHTX 
germinating A. phaeoclavia seeds 
 
Germination data were normally distributed, proceed with ANOVA. 
 
One-way ANOVA: germ2 versus fungus2 
 
Analysis of Variance for germ2    
Source     DF        SS        MS        F        P 
fungus2     1      1980      1980     6.59    0.043 
Error       6      1804       301 
Total       7      3783 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -----+---------+---------+---------+- 
original    5     32.84     16.36   (------*-------)  
R18SHTX     3     65.33     19.14             (---------*---------)  
                                   -----+---------+---------+---------+- 
Pooled StDev =    17.34                25        50        75       100 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0500 
 
Critical value = 3.46 
 
Intervals for (column level mean) - (row level mean) 
 
          original 
 
R18SHTX       -63.48 
               -1.50 
 
Residuals are normally distributed. 
Accept ANOVA, germination of A. phaeoclavia seeds was significantly different between fungal 
isolates. 
 
The Kruskal-Wallis test was used to check the ANOVA result because small samples were used and 
the ANOVA graph suggests overlap and therefore a result that is not significant. 
 
Kruskal-Wallis Test: germ2 versus fungus2 
 
fungus2     N    Median    Ave Rank         Z 
original    5     38.00         3.2     -1.94 
R18SHTX     3     68.00         6.7      1.94 
Overall     8                   4.5 
 
H = 3.76  DF = 1  P = 0.053 
 
* NOTE * One or more small samples 
 
Kruskal-Wallis test implies the result is not significant with p set at 0.05. 
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Table 3.6 Exp. 7: Effect of fungal isolate CALAROBN R11 on seeds from seven 
species of orchid  
 
Table 3.6.1 Does germination vary with species of seed used? 
 
Germination data with means of zero excluded. 
Data not normally distributed; transform by taking square root. 
Data normally distributed, proceed with ANOVA. 
 
One-way ANOVA: square root (germination) vs seed species 
 
Analysis of Variance for square root (germination)  
Source     DF        SS        MS        F        P 
seed        6     16.07      2.68     1.72    0.166 
Error      21     32.71      1.56 
Total      27     48.78 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ----+---------+---------+---------+-- 
A. fulva    2     1.866     0.189      (-----------*----------)  
A. hasta    4     0.707     1.414  (-------*--------)  
A. phaeo    3     3.620     0.862                   (---------*--------)  
A. robin    8     2.286     1.621               (----*-----)  
A. tenta    4     2.155     1.242           (-------*--------)  
A. venus    4     2.424     0.708             (-------*-------)  
A. clavi    3     1.667     0.577       (--------*---------)  
                                   ----+---------+---------+---------+-- 
Pooled StDev =    1.248              0.0       1.6       3.2       4.8 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.00381 
 
Critical value = 4.60 
 
Intervals for (column level mean) - (row level mean) 
 
          A. fulva    A. hasta    A. phaeo    A. robin    A. tenta    A. venus 
 
A. hast    -2.357 
            4.674 
 
A. phaeo   -5.460      -6.013 
            1.952       0.187 
 
A. robin   -3.629      -4.065      -1.414 
            2.789       0.907       4.082 
 
A. tenta   -3.804      -4.318      -1.635      -2.354 
            3.227       1.423       4.566       2.617 
 
A. venus   -4.073      -4.587      -1.904      -2.623      -3.139 
            2.958       1.154       4.297       2.348       2.601 
 
A. clavi   -3.506      -4.060      -1.361      -2.129      -2.612      -2.343 
            3.905       2.141       5.268       3.368       3.588       3.857 
 
Residuals are normally distributed. 
Accept ANOVA, germination amongst the 7 species using CALAROBNR11 fungus was not 
significantly different. 
 
 523 
Table 3.6 (cont’d) Exp. 7: Effect of fungal isolate CALAROBN R11 on seeds from 
seven species of orchid  
 
Table 3.6.2 Original CALAROBNR11 fungus compared with CALAROBNR11B derived 
isolate on the germination of A. robinsonii seeds 
 
Germination data with means of zero included. 
Data normally distributed, proceed with ANOVA. 
 
One-way ANOVA: germination of A. robinsonii vs fungus 
 
Analysis of Variance for germ_3   
Source     DF        SS        MS        F        P 
fungus_3    2     270.7     135.3     5.06    0.044 
Error       7     187.1      26.7 
Total       9     457.7 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ---+---------+---------+---------+--- 
fungus A    2     0.000     0.000   (-----------*-----------)  
fungus B    5    11.200     6.620                       (-------*-------)  
original    3     1.400     2.425       (---------*---------)  
                                   ---+---------+---------+---------+--- 
Pooled StDev =    5.169            -7.0       0.0       7.0      14.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0214 
 
Critical value = 4.17 
 
Intervals for (column level mean) - (row level mean) 
 
          fungus A    fungus B 
 
fungus B     -23.953 
               1.553 
 
original     -15.315      -1.332 
              12.515      20.932 
 
ANOVA suggests significance, Tukey’s suggests not significant. 
Residuals not normally distributed. Cannot accept ANOVA.  
Small sample sizes.  Use Kruskal-Wallis test (non-parametric). 
 
Kruskal-Wallis Test: germination of A. robinsonii vs fungus 
 
Kruskal-Wallis Test on germ_3   
 
fungus_3    N    Median    Ave Rank         Z 
fungus A    2  0.00E+00         2.5     -1.57 
fungus B    5  8.00E+00         8.0      2.61 
original    3  0.00E+00         3.3     -1.48 
Overall    10                   5.5 
 
H = 6.91  DF = 2  P = 0.032 
H = 7.40  DF = 2  P = 0.025 (adjusted for ties) 
 
* NOTE * One or more small samples 
 
Germination is significantly different with different fungi. 
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Table 3.6.3 Original CALAROBNR11 fungus compared with CALAROBNR11B derived 
isolate on the germination of A. robinsonii seeds 
 
Germination data with means of zero excluded. 
Data normally distributed, proceed with ANOVA. 
 
One-way ANOVA: germination vs fungus 
 
Analysis of Variance for germ_1   
Source     DF        SS        MS        F        P 
fungus_1    1     180.1     180.1     5.78    0.053 
Error       6     187.1      31.2 
Total       7     367.1 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ----------+---------+---------+------ 
fungus B    5    11.200     6.620                   (--------*--------)  
original    3     1.400     2.425   (----------*----------)  
                                   ----------+---------+---------+------ 
Pooled StDev =    5.584                    0.0       7.0      14.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0500 
 
Critical value = 3.46 
 
Intervals for (column level mean) - (row level mean) 
 
          fungus B 
 
original      -0.180 
              19.780 
 
Residuals are normally distributed. 
Accept ANOVA, germination of A. robinsonii seeds using CALAROBNR11 original or 
CALAROBNR11B derived fungal isolate was not significantly different.  
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Tables 3.7 Exp. 8 Growth and development of protocorms of Arachnorchis 
tentaculata after germination with and without a fungus.  
 
Nb. 10 units = 1mm 
 
Table 3.7.1 Is there a difference in length between symbiotic and asymbiotic protocorms of 
A. tentaculata at t=0? 
 
Data not normally distributed for t=0, N>5 
 
Mood’s Median Test: Length t=0 versus fungi 
 
Chi-Square = 22.89   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  ----------+---------+---------+------ 
none        16     6    10.00     2.25  (------+ 
R15 2W7.    38    12    10.00     2.25  (------+ 
R18 1W4.    11    28    13.00     5.00                      (------+-----) 
                                        ----------+---------+---------+------ 
                                               10.5      12.0      13.5 
Overall median = 10.00 
 
 
Length of protocorm body at t=0 is significantly different among protocorms, with R18 protocorms significantly 
longer than the other two treatments. 
 
Descriptive Statistics: Length (units) by fungi 
Variable   fungi             N       Mean     Median     TrMean      StDev 
L_1        none             22      9.591     10.000      9.600      1.790 
           R15 2W7.         50      9.780     10.000      9.614      2.270 
           R18 1W4.         39     12.897     13.000     12.886      2.789 
 
 
Table 3.7.2 Is there a difference in length between symbiotic and asymbiotic protocorms of 
A. tentaculata at t=29? 
 
Data normalised by square root function, but residuals from ANOVA not normally distributed.  Proceed with 
Mood’s’s Median test. 
 
Mood’s Median Test: Length t=0 versus fungi 
 
Chi-Square = 27.17   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  --------+---------+---------+-------- 
none        22     0    14.00     2.50  (---+---) 
R15 2W7.    18    32    20.00     4.00                         (----+ 
R18 1W4.    16    23    19.00     4.00                      (---+-------) 
                                        --------+---------+---------+-------- 
                                             15.0      17.5      20.0 
Overall median = 18.00 
 
 
Length of protocorm body at t=29 is significantly different among protocorms, with symbiotic protocorms 
significantly longer than asymbiotic protocorms. 
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Table 3.7.3 Is there a difference in growth (length) of the protocorm body among symbiotic 
and asymbiotic protocorms of A. tentaculata after 4 weeks? 
 
Data not normally distributed 
 
Mood’s Median Test: change in length vs fungi 
 
Chi-Square = 49.34   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  --------+---------+---------+-------- 
none        22     0     4.00     2.25  (---+---) 
R15 2W7.    12    38    10.00     3.25                              +---) 
R18 1W4.    32     7     6.00     3.00          (---+---) 
                                        --------+---------+---------+-------- 
                                              5.0       7.5      10.0 
Overall median = 8.00 
 
 
There is a significant difference among treatments. 
 
One-way ANOVA: change in length vs fungi 
 
Analysis of Variance for L2-L1    
Source     DF        SS        MS        F        P 
fungi       2    767.89    383.94    67.26    0.000 
Error     108    616.51      5.71 
Total     110   1384.40 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ---------+---------+---------+------- 
none       22     3.864     1.726  (---*---)  
R15 2W7.   50    10.520     2.573                              (--*--)  
R18 1W4.   39     6.590     2.457              (--*--)  
                                   ---------+---------+---------+------- 
Pooled StDev =    2.389                   5.0       7.5      10.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0193 
 
Critical value = 3.36 
 
Intervals for (column level mean) - (row level mean) 
 
          none        R15 2W7. 
 
R15 2W7.      -8.109 
              -5.204 
 
R18 1W4.      -4.240       2.718 
              -1.213       5.143 
 
Residuals not normally distributed, cannot report ANOVA. 
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Table 3.7.4 Is there a difference in width of the protocorm body between symbiotic and 
asymbiotic protocorms of A. tentaculata at t=0? 
 
Data not normally distributed for t=0 or t=29, N>5 
 
Mood’s Median Test: Width t=0 versus fungi 
 
Chi-Square = 44.47   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  -------+---------+---------+--------- 
none        22     0     5.00     0.00  + 
R15 2W7.    35    15     7.00     2.00         (------+ 
R18 1W4.     7    32     9.00     2.00                             +------) 
                                        -------+---------+---------+--------- 
                                             6.0       7.5       9.0 
Overall median = 7.00 
 
Width of protocorm body at t=0 is significantly different among treatments. 
 
Descriptive Statistics: Width (units) by fungi 
Variable   fungi             N       Mean     Median     TrMean      StDev 
W_1        none             22      5.000      5.000      5.000      0.617 
           R15 2W7.         50      6.940      7.000      6.795      1.609 
           R18 1W4.         39      9.333      9.000      9.314      1.826 
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Table 3.7.5 Is there a difference in width of the protocorm body between symbiotic and 
asymbiotic protocorms of A. tentaculata at t=29? 
 
Mood’s Median Test: Width t=29 vs fungi 
 
Chi-Square = 17.79   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  -----+---------+---------+---------+- 
none        22     0     6.00     1.00  (----+ 
R15 2W7.    24    26    12.00     3.00                                (----+ 
R18 1W4.    24    15    11.00     2.00                           (----+----) 
                                        -----+---------+---------+---------+- 
                                           6.0       8.0      10.0      12.0 
Overall median = 11.00 
 
There is a significant difference among treatments. 
 
One-way ANOVA: width vs fungi 
 
Analysis of Variance for W_2      
Source     DF        SS        MS        F        P 
fungi       2    599.39    299.69    65.87    0.000 
Error     108    491.39      4.55 
Total     110   1090.77 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  --+---------+---------+---------+---- 
none       22     5.636     0.658   (---*--)  
R15 2W7.   50    11.660     2.528                            (--*-)  
R18 1W4.   39    11.154     2.109                          (--*-)  
                                   --+---------+---------+---------+---- 
Pooled StDev =    2.133            5.0       7.5      10.0      12.5 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0193 
 
Critical value = 3.36 
 
Intervals for (column level mean) - (row level mean) 
 
          none        R15 2W7. 
 
R15 2W7.      -7.320 
              -4.727 
 
R18 1W4.      -6.869      -0.577 
              -4.166       1.589 
 
Residuals not normally distributed, cannot report ANOVA. 
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Table 3.7.6 Is there a difference in growth (width) of the protocorm body among symbiotic 
and asymbiotic protocorms of A. tentaculata after 4 weeks? 
 
Data not normally distributed 
 
Mood’s Median Test: Change in width versus fungi 
 
Chi-Square = 49.18   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  +---------+---------+---------+------ 
none        22     0     1.00     1.00  (----+ 
R15 2W7.    15    35     4.00     3.00                      +---------) 
R18 1W4.    35     4     2.00     2.00       (----+ 
                                        +---------+---------+---------+------ 
                                      0.0       2.0       4.0       6.0 
Overall median = 3.00 
 
There is a significant difference among treatments. 
 
 
Table 3.7.7 Is there a difference in the volume of the protocorm body between symbiotic 
and asymbiotic treatments of A. tentaculata protocorms at t=0? 
 
Data not normally distributed 
 
Mood’s Median Test: Volume (t=0) versus fungi  
 
Chi-Square = 42.20   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  -----+---------+---------+---------+- 
none        22     0      118       49   +) 
R15 2W7.    33    17      229      184     (--+-) 
R18 1W4.     7    32      628      552                      (-----+-----) 
                                        -----+---------+---------+---------+- 
                                           200       400       600       800 
Overall median = 257 
 
There is a significant difference among treatments. 
 
Table 3.7.8 Is there a difference in the volume of the protocorm body between symbiotic 
and asymbiotic treatments of A. tentaculata protocorms at t=29? 
 
Data not normally distributed 
 
Mood’s Median Test: Volume (t=29) versus fungi  
 
Chi-Square = 27.75   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  ------+---------+---------+---------+ 
none        22     0      245      119   (+) 
R15 2W7.    17    33     1357      886                             (--+----) 
R18 1W4.    17    22     1267      880                     (--------+---) 
                                        ------+---------+---------+---------+ 
                                            400       800      1200      1600 
Overall median = 1077 
 
There is a significant difference among treatments. 
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Table 3.7.9 Is there a difference in the change in volume of the protocorm body between 
symbiotic and asymbiotic treatments of A. tentaculata protocorms after 4 
weeks? 
 
Data not normally distributed 
 
Mood’s Median Test: Change in volume vs fungus 
 
Chi-Square = 38.93   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  --------+---------+---------+-------- 
none        22     0       93       68  (+) 
R15 2W7.    11    39     1106      749                          (-----+-----) 
R18 1W4.    23    16      555      481           (----+---) 
                                        --------+---------+---------+-------- 
                                              350       700      1050 
Overall median = 686 
 
There is a significant difference in the rate of change of volume depending on the fungus used. 
 
 
Table 3.7.10 Is there a difference in length/width ratio of the protocorm body between 
symbiotic and asymbiotic treatments of A. tentaculata at t=0? 
 
Data not normally distributed 
 
Mood’s Median Test: L1/W1 ratio (t=0) versus fungi 
 
Chi-Square = 19.10   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  ------+---------+---------+---------+ 
none         2    20    1.915    0.433                            (-----+---) 
R15 2W7.    29    21    1.400    0.210     (--+) 
R18 1W4.    25    14    1.330    0.200   (-+---) 
                                        ------+---------+---------+---------+ 
                                           1.40      1.60      1.80      2.00 
Overall median = 1.400 
 
There is a significant difference among treatments. 
 
 
Table 3.7.11 Is there a difference in length/width ratio of the protocorm body between 
symbiotic and asymbiotic treatments of A. tentaculata at t=29? 
 
Data not normally distributed 
 
Mood’s Median Test: L2/W2 ratio (t=29) vs fungi 
 
Chi-Square = 27.26   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  ----+---------+---------+---------+-- 
none         1    21    2.330    0.448                        (----+------) 
R15 2W7.    30    20    1.765    0.377   (---+-) 
R18 1W4.    28    11    1.730    0.270    (+--) 
                                        ----+---------+---------+---------+-- 
                                         1.75      2.00      2.25      2.50 
Overall median = 1.800 
 
There is a significant difference among treatments. 
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Table 3.7.12 Is there a change in length/width ratio of the protocorm body between symbiotic 
and asymbiotic treatments of A. tentaculata after 4 weeks? 
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: L/W ratio change versus fungi  
 
Analysis of Variance for L/W ratio 
Source     DF        SS        MS        F        P 
fungi       2    0.1742    0.0871     0.94    0.392 
Error     108    9.9644    0.0923 
Total     110   10.1385 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ----+---------+---------+---------+-- 
none       22    0.4555    0.4800         (------------*-----------)  
R15 2W7.   50    0.3490    0.2446  (--------*-------)  
R18 1W4.   39    0.3751    0.2403    (---------*--------)  
                                   ----+---------+---------+---------+-- 
Pooled StDev =   0.3037              0.30      0.40      0.50      0.60 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0193 
 
Critical value = 3.36 
 
Intervals for (column level mean) - (row level mean) 
 
          none        R15 2W7. 
 
R15 2W7.     -0.0782 
              0.2911 
 
R18 1W4.     -0.1121     -0.1803 
              0.2728      0.1280 
 
 
Residuals are normally distributed, accept ANOVA. There is no significant difference among treatments. 
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Table 3.7.13 Is there a difference in the length of the leaf among symbiotic and asymbiotic 
treatments of A. tentaculata protocorms at t=0? 
 
Data not normally distributed 
Table 3.7.13a 
Mood’s Median Test: Leaf length (t=0) vs fungi 
 
Chi-Square = 38.84   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  +---------+---------+---------+------ 
none        20     2     1.00     1.25  (----+ 
R15 2W7.    41     9     1.00     2.00       +-) 
R18 1W4.    10    29     4.00     4.00                      +---------) 
                                        +---------+---------+---------+------ 
                                      0.0       2.0       4.0       6.0 
Overall median = 2.00 
 
There is a significant difference for leaf length among protocorms at t=0. 
 
Table 3.7.13b 
Mood’s Median Test: Leaf length (t=0) vs fungi_2 
 
Chi-Square = 1.24   DF = 1   P = 0.266 
 
                                        Individual 95.0% CIs 
fungus     N<=    N>   Median    Q3-Q1  +---------+---------+---------+------ 
none        17     5     1.00     1.25  (------------------------+ 
R15 2W7.    32    18     1.00     2.00                           +-------) 
                                        +---------+---------+---------+------ 
                                     0.00      0.40      0.80      1.20 
Overall median = 1.00 
 
A 95.0% CI for median(none) - median(R15 2W7.): (-1.00,0.00) 
 
There is no difference for leaf length between treatments at t=0. 
 
Table 3.7.14 Is there a difference in leaf length among symbiotic and asymbiotic treatments 
of A. tentaculata protocorms after 4 weeks? 
 
Data not normally distributed 
 
Mood’s Median Test: Leaf length (t=29) vs fungi 
 
Chi-Square = 27.61   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  --------+---------+---------+-------- 
none        22     0      3.0      2.0  (+) 
R15 2W7.    21    29     15.0     26.3           (---+----------) 
R18 1W4.    13    26     30.0     38.0              (---------------+-------) 
                                        --------+---------+---------+-------- 
                                               10        20        30 
Overall median = 13.0 
 
 
There is a significant difference in leaf length among protocorms after 4 weeks. 
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Table 3.7.15 Is there a difference in the change in leaf length among symbiotic and 
asymbiotic treatments of A. tentaculata protocorms after 4 weeks? 
 
Data not normally distributed 
 
Mood’s Median Test: Change in leaf length (t=29-t=0) vs fungi 
 
Chi-Square = 26.01   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  ---------+---------+---------+------- 
none        22     0      2.0      2.3  (+) 
R15 2W7.    20    30     14.5     24.3            (---+---------) 
R18 1W4.    15    24     26.0     37.0           (---------------+----) 
                                        ---------+---------+---------+------- 
                                                10        20        30 
Overall median = 11.0 
 
There is a significant difference in change in leaf length among protocorms after 4 weeks. 
 
 
Table 3.7.16 Is there a difference in the leaf length/protocorm body length ratio among 
symbiotic and asymbiotic treatments of A. tentaculata protocorms at t=0? 
 
Data not normally distributed 
 
Mood’s Median Test: Leaf length/protocorm body length (t=0) vs fungi 
 
Chi-Square = 38.35   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  +---------+---------+---------+------ 
none        19     3    0.100    0.125  (-------+ 
R15 2W7.    42     8    0.100    0.200          + 
R18 1W4.    10    29    0.300    0.300                           +-------) 
                                        +---------+---------+---------+------ 
                                     0.00      0.12      0.24      0.36 
Overall median = 0.200 
 
There is a significant difference in leaf length/protocorm body length among protocorms at t=0. 
 
Descriptive Statistics: leaf/length (units) by fungi 
Variable   fungi             N       Mean     Median     TrMean      StDev 
S1/L1      none             22     0.0955     0.1000     0.0850     0.1174 
           R15 2W7.         50     0.1300     0.1000     0.1205     0.1147 
           R18 1W4.         39     0.3462     0.3000     0.3429     0.1620 
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Table 3.7.17 Is there a difference in the leaf length/protocorm body length ratio among 
symbiotic and asymbiotic treatments of A. tentaculata protocorms at t=29? 
 
Data not normally distributed 
 
Mood’s Median Test: Leaf length/protocorm body length (t=29) vs fungi 
 
Chi-Square = 28.48   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  --------+---------+---------+-------- 
none        22     0     0.25     0.18   (-+) 
R15 2W7.    22    28     0.75     1.29            (--+----------) 
R18 1W4.    12    27     1.52     1.65                (-------------+----) 
                                        --------+---------+---------+-------- 
                                             0.50      1.00      1.50 
Overall median = 0.67 
 
There is a significant difference in leaf length/protocorm body length among protocorms at t=29. 
 
 
Table 3.7.18 Is there a difference in the change in leaf length/protocorm body length ratio 
among symbiotic and asymbiotic treatments of A. tentaculata protocorms after 
4 weeks? 
 
Data not normally distributed 
 
Mood’s Median Test: Change in leaf length/protocorm body length vs fungi 
 
Chi-Square = 26.32   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  ----------+---------+---------+------ 
none        22     0     0.12     0.25   (-+--) 
R15 2W7.    21    29     0.66     1.08                (-+------------) 
R18 1W4.    14    25     1.02     1.37              (-------------+--------) 
                                        ----------+---------+---------+------ 
                                               0.40      0.80      1.20 
Overall median = 0.57 
 
There is a significant difference in the change in leaf length/protocorm body length among protocorms 
after 4 weeks. 
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Table 3.7.19 Is there a difference in the change in the leaf length/protocorm body length ratio 
among symbiotic and asymbiotic treatments of A. tentaculata protocorms after 
4 weeks? 
 
Mood’s Median Test: change in ratio versus fungi 
 
Chi-Square = 26.32   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
fungi      N<=    N>   Median    Q3-Q1  ----------+---------+---------+------ 
CPR18       14    25     1.02     1.37              (-------------+--------) 
CTR15       21    29     0.66     1.08                (-+------------) 
none        22     0     0.12     0.25   (-+--) 
                                        ----------+---------+---------+------ 
                                               0.40      0.80      1.20 
Overall median = 0.57 
 
There is a significant difference among treatments 
 
One-way ANOVA: change in ratio versus fungi 
 
Analysis of Variance for change i 
Source     DF        SS        MS        F        P 
fungi       2    16.647     8.324    14.78    0.000 
Error     108    60.840     0.563 
Total     110    77.488 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ----+---------+---------+---------+-- 
CPR18      39    1.1600    0.9275                        (----*----)  
CTR15      50    1.0182    0.7513                      (---*----)  
none       22    0.1218    0.1532  (-----*------)  
                                   ----+---------+---------+---------+-- 
Pooled StDev =   0.7506              0.00      0.50      1.00      1.50 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0193 
 
Critical value = 3.36 
 
Intervals for (column level mean) - (row level mean) 
 
             CPR18       CTR15 
 
   CTR15     -0.2392 
              0.5228 
 
   none       0.5627      0.4402 
              1.5137      1.3526 
 
ANOVA suggests that there is a significant difference among the asymbiotic treatment and the two symbiotic 
treatments, which are not different from each other.  
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Tables 3.8 Exp. 9: Growth and development of protocorms of three orchid species 
after germination with fungi. 
 
Table 3.8.1  Did protocorm body length at t=29 exceed protocorm body length at t=0 for A. 
tentaculata protocorms? 
 
Data not normally distributed. Could not transform the data.  
Proceed with non-parametric test. 
 
Mood’s Median Test: protocorm body length (A. tent.) vs time 
 
Chi-Square = 77.94   DF = 1   P = 0.000 
 
                                        Individual 95.0% CIs 
A. tent    N<=    N>   Median    Q3-Q1  ----------+---------+---------+------ 
1           49     1     10.0      2.3  (--+ 
2            5    45     20.0      4.0                                  (----+ 
                                        ----------+---------+---------+------ 
                                               12.0      15.0      18.0 
Overall median = 15.0 
 
A 95.0% CI for median(1) - median(2): (-11.0,-9.7) 
 
 
Table 3.8.2  Did protocorm body width at t=29 exceed protocorm body width at t=0 for A. 
tentaculata protocorms? 
 
Data not normally distributed. Could not transform the data.  
Proceed with non-parametric test. 
 
Mood’s Median Test: ATW1 versus A. tent time 
 
Chi-Square = 49.49   DF = 1   P = 0.000 
 
                                        Individual 95.0% CIs 
A. tent    N<=    N>   Median    Q3-Q1  ----------+---------+---------+------ 
1           45     5     7.00     2.00  (----+ 
2           10    40    12.00     3.00                           (----+ 
                                        ----------+---------+---------+------ 
                                                8.0      10.0      12.0 
Overall median = 9.00 
 
A 95.0% CI for median(1) - median(2): (-6.00,-4.00) 
 
 
Table 3.8.3  Did leaf length at t=29 exceed leaf length at t=0 for A. tentaculata protocorms? 
 
Data not normally distributed. Could not transform the data.  
Proceed with non-parametric test. 
 
Mood’s Median Test: CT_Leaf versus A. tent time 
 
Chi-Square = 84.78   DF = 1   P = 0.000 
 
                                        Individual 95.0% CIs 
A. tent    N<=    N>   Median    Q3-Q1  ---------+---------+---------+------- 
1           49     1      1.0      2.0  +) 
2            3    47     15.0     26.3                 (----+---------------) 
                                        ---------+---------+---------+------- 
                                               7.0      14.0      21.0 
Overall median = 5.0 
 
A 95.0% CI for median(1) - median(2): (-24.0,-11.0) 
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Table 3.8.4  Did protocorm body length at t=29 exceed protocorm body length at t=0 for A. 
venusta protocorms? 
 
Data not normally distributed. Could not transform the data.  
Proceed with non-parametric test. 
 
Mood’s Median Test: AV_L versus A. venusta time 
 
Chi-Square = 42.74   DF = 1   P = 0.000 
 
                                        Individual 95.0% CIs 
A. venus   N<=    N>   Median    Q3-Q1  ----+---------+---------+---------+-- 
1           41     7     12.0      5.8   (--+------) 
2            9    39     20.0      7.5                                 +-----) 
                                        ----+---------+---------+---------+-- 
                                         12.0      15.0      18.0      21.0 
Overall median = 16.0 
 
A 95.0% CI for median(1) - median(2): (-10.2,-7.0) 
 
 
Table 3.8.5  Did protocorm body width at t=29 exceed protocorm body width at t=0 for A. 
venusta protocorms? 
 
Data not normally distributed. Could not transform the data.  
Proceed with non-parametric test. 
 
Mood’s Median Test: AV_W versus A. venusta time 
 
Chi-Square = 18.45   DF = 1   P = 0.000 
 
                                        Individual 95.0% CIs 
A. venus   N<=    N>   Median    Q3-Q1  ----+---------+---------+---------+-- 
1           36    12     8.00     3.75   (-----+------) 
2           15    33    10.00     5.00                       +------------) 
                                        ----+---------+---------+---------+-- 
                                          7.5       9.0      10.5      12.0 
Overall median = 9.00 
 
A 95.0% CI for median(1) - median(2): (-4.00,-2.00) 
 
 
Table 3.8.6  Did leaf length at t=29 exceed leaf length at t=0 for A. venusta protocorms? 
 
Data not normally distributed. Could not transform the data.  
Proceed with non-parametric test. 
Mood’s Median Test: AV_S versus A. venusta time 
 
Chi-Square = 42.74   DF = 1   P = 0.000 
 
                                        Individual 95.0% CIs 
A. venus   N<=    N>   Median    Q3-Q1  ----+---------+---------+---------+-- 
1           41     7      4.0      3.0  (-+ 
2            9    39     15.0     23.0                (---------+-----------) 
                                        ----+---------+---------+---------+-- 
                                          5.0      10.0      15.0      20.0 
Overall median = 6.0 
 
A 95.0% CI for median(1) - median(2): (-14.0,-6.8) 
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Table 3.8.7  Did protocorm body length at t=29 exceed protocorm body length at t=0 for A. 
hastata protocorms? 
 
Data not normally distributed. Could not transform the data.  
Proceed with non-parametric test. 
 
Mood’s Median Test: AH_L versus A. hastata time 
 
Chi-Square = 41.71   DF = 1   P = 0.000 
 
                                        Individual 95.0% CIs 
A. hasta   N<=    N>   Median    Q3-Q1  -+---------+---------+---------+----- 
1           28     2     15.0      4.0   (----+ 
2            3    27     25.0     13.0                         +--------) 
                                        -+---------+---------+---------+----- 
                                      12.0      18.0      24.0      30.0 
Overall median = 17.0 
 
A 95.0% CI for median(1) - median(2): (-17.2,-10.0) 
 
 
Table 3.8.8  Did protocorm body width at t=29 exceed protocorm body width at t=0 for A. 
hastata protocorms? 
 
Data not normally distributed. Could not transform the data.  
Proceed with non-parametric test. 
 
Mood’s Median Test: AH_W versus A. hastata time 
 
Chi-Square = 29.70   DF = 1   P = 0.000 
 
                                        Individual 95.0% CIs 
A. hasta   N<=    N>   Median    Q3-Q1  ----+---------+---------+---------+-- 
1           27     3     10.0      4.0   (-----+ 
2            6    24     15.0      7.0                       (--+-----------) 
                                        ----+---------+---------+---------+-- 
                                          9.0      12.0      15.0      18.0 
Overall median = 12.0 
 
A 95.0% CI for median(1) - median(2): (-8.2,-5.0) 
 
 
Table 3.8.9  Did leaf length at t=29 exceed leaf length at t=0 for A. hastata protocorms? 
 
Data not normally distributed. Could not transform the data.  
Proceed with non-parametric test. 
 
Mood’s Median Test: AH_S versus A. hastata time 
 
Chi-Square = 32.27   DF = 1   P = 0.000 
 
                                        Individual 95.0% CIs 
A. hasta   N<=    N>   Median    Q3-Q1  ---------+---------+---------+------- 
1           26     4      5.0      3.3  (-+ 
2            4    26     55.0     57.0               (-------------+-------) 
                                        ---------+---------+---------+------- 
                                                20        40        60 
Overall median = 6.5 
 
A 95.0% CI for median(1) - median(2): (-62.0,-38.4 
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Table 3.8.10  Is there a difference in protocorm body length at t=0 among symbioses? 
 
Data not normally distributed. Could not transform the data.  
Proceed with non-parametric test. 
 
Mood’s Median Test: L1 versus seed 
 
Chi-Square = 26.75   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
seed       N<=    N>   Median    Q3-Q1  -----+---------+---------+---------+- 
C. hasta     9    21    15.00     4.00                 (--------------+ 
C. tent     41     9    10.00     2.25  (----+ 
C. venus    19    29    12.00     5.75            (----+----------) 
                                        -----+---------+---------+---------+- 
                                          10.0      12.0      14.0      16.0 
Overall median = 11.00 
 
One-way ANOVA: L1 versus seed 
 
Analysis of Variance for L1       
Source     DF        SS        MS        F        P 
seed        2    404.55    202.27    24.49    0.000 
Error     125   1032.26      8.26 
Total     127   1436.80 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ------+---------+---------+---------+ 
C. hasta   30    13.900     3.133                      (-----*----)  
C. tent    50     9.780     2.270   (---*---)  
C. venus   48    13.021     3.245                   (---*---)  
                                   ------+---------+---------+---------+ 
Pooled StDev =    2.874               10.0      12.0      14.0      16.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0194 
 
Critical value = 3.35 
 
Intervals for (column level mean) - (row level mean) 
 
          C. hasta    C. tent  
 
C. tent        2.548 
               5.692 
 
C. venus      -0.705      -4.616 
               2.463      -1.865 
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Table 3.8.11  Is there a difference in protocorm body length at t=29 among symbioses? 
 
Data not normally distributed. Could not transform the data.  
Proceed with non-parametric test. 
 
Mood’s Median Test: L2 versus seed 
 
Chi-Square = 16.23   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
seed       N<=    N>   Median    Q3-Q1  -------+---------+---------+--------- 
C. hasta     6    24     25.0     13.0                    +----------------) 
C. tent     33    17     20.0      4.0  (---+ 
C. venus    26    22     20.0      7.5      +-----) 
                                        -------+---------+---------+--------- 
                                            21.0      24.5      28.0 
Overall median = 20.0 
 
One-way ANOVA: L2 versus seed 
 
Analysis of Variance for L2       
Source     DF        SS        MS        F        P 
seed        2    1177.6     588.8    20.79    0.000 
Error     125    3539.9      28.3 
Total     127    4717.5 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  --------+---------+---------+-------- 
C. hasta   30    27.767     7.977                          (------*-----)  
C. tent    50    20.300     3.688   (----*----)  
C. venus   48    21.000     4.677     (----*----)  
                                   --------+---------+---------+-------- 
Pooled StDev =    5.322                 21.0      24.0      27.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0194 
 
Critical value = 3.35 
 
Intervals for (column level mean) - (row level mean) 
 
          C. hasta    C. tent  
 
C. tent        4.555 
              10.378 
 
C. venus       3.833      -3.247 
               9.700       1.847 
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Table 3.8.12  Is there a difference in protocorm body width at t=0 among symbioses? 
 
Data not normally distributed. Could not transform the data.  
Proceed with non-parametric test. 
 
Mood’s Median Test: W1 versus seed 
 
Chi-Square = 14.51   DF = 2   P = 0.001 
 
                                        Individual 95.0% CIs 
seed       N<=    N>   Median    Q3-Q1  ----------+---------+---------+------ 
C. hasta     8    22    10.00     4.00                   (---------------+ 
C. tent     35    15     7.00     2.00  (-------+ 
C. venus    23    25     8.00     3.75          (--------+-------) 
                                        ----------+---------+---------+------ 
                                                7.2       8.4       9.6 
Overall median = 7.00 
 
One-way ANOVA: W1 versus seed 
 
Analysis of Variance for W1       
Source     DF        SS        MS        F        P 
seed        2    116.89     58.44    13.02    0.000 
Error     125    561.17      4.49 
Total     127    678.05 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  --------+---------+---------+-------- 
C. hasta   30     9.433     2.501                      (------*-----)  
C. tent    50     6.940     1.609   (----*----)  
C. venus   48     7.979     2.320           (----*-----)  
                                   --------+---------+---------+-------- 
Pooled StDev =    2.119                  7.2       8.4       9.6 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0194 
 
Critical value = 3.35 
 
Intervals for (column level mean) - (row level mean) 
 
          C. hasta    C. tent  
 
C. tent        1.334 
               3.652 
 
C. venus       0.286      -2.053 
               2.622      -0.025 
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Table 3.8.13  Is there a difference in protocorm body width at t=29 among symbioses? 
 
Data not normally distributed. Could not transform the data.  
Proceed with non-parametric test. 
 
Mood’s Median Test: W2 versus seed 
 
Chi-Square = 26.37   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
seed       N<=    N>   Median    Q3-Q1  ----------+---------+---------+------ 
C. hasta     6    24    15.00     7.00                   (--+-------------) 
C. tent     36    14    12.00     3.00      (---+ 
C. venus    35    13    10.00     5.00  +-------) 
                                        ----------+---------+---------+------ 
                                               12.5      15.0      17.5 
Overall median = 12.00 
 
One-way ANOVA: W2 versus seed 
 
Analysis of Variance for W2       
Source     DF        SS        MS        F        P 
seed        2     486.4     243.2    21.21    0.000 
Error     125    1433.1      11.5 
Total     127    1919.5 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -+---------+---------+---------+----- 
C. hasta   30    15.833     4.822                          (-----*-----)  
C. tent    50    11.660     2.528       (---*----)  
C. venus   48    10.917     3.079   (----*---)  
                                   -+---------+---------+---------+----- 
Pooled StDev =    3.386          10.0      12.0      14.0      16.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0194 
 
Critical value = 3.35 
 
Intervals for (column level mean) - (row level mean) 
 
          C. hasta    C. tent  
 
C. tent        2.321 
               6.026 
 
C. venus       3.050      -0.877 
               6.783       2.364 
 
 543 
Table 3.8.14  Is there a difference in leaf length at t=0 among symbioses? 
 
Data not normally distributed. Could not transform the data.  
Proceed with non-parametric test. 
 
Mood’s Median Test: S1 versus seed 
 
Chi-Square = 32.32   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
seed       N<=    N>   Median    Q3-Q1  --+---------+---------+---------+---- 
C. hasta     8    22     5.00     3.25                   (----------------+ 
C. tent     41     9     1.00     2.00  +--) 
C. venus    16    32     4.00     3.00                   (-------+ 
                                        --+---------+---------+---------+---- 
                                        1.2       2.4       3.6       4.8 
Overall median = 2.00 
 
One-way ANOVA: S1 versus seed 
 
Analysis of Variance for S1       
Source     DF        SS        MS        F        P 
seed        2    228.48    114.24    21.48    0.000 
Error     125    664.77      5.32 
Total     127    893.24 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -----+---------+---------+---------+- 
C. hasta   30     4.433     2.402                     (-----*----)  
C. tent    50     1.460     1.432  (----*---)  
C. venus   48     4.021     2.906                   (----*---)  
                                   -----+---------+---------+---------+- 
Pooled StDev =    2.306               1.5       3.0       4.5       6.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0194 
 
Critical value = 3.35 
 
Intervals for (column level mean) - (row level mean) 
 
          C. hasta    C. tent  
 
C. tent        1.712 
               4.235 
 
C. venus      -0.859      -3.665 
               1.684      -1.457 
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Table 3.8.15  Is there a difference in leaf length at t=29 among symbioses? 
 
Data not normally distributed. Could not transform the data.  
Proceed with non-parametric test. 
 
Mood’s Median Test: S2 versus seed 
 
Chi-Square = 10.82   DF = 2   P = 0.004 
 
                                        Individual 95.0% CIs 
seed       N<=    N>   Median    Q3-Q1  -----+---------+---------+---------+- 
C. hasta     8    22     55.0     57.0           (-------------+-------) 
C. tent     27    23     15.0     26.3   (-+----) 
C. venus    31    17     15.0     23.0  (--+--) 
                                        -----+---------+---------+---------+- 
                                            20        40        60        80 
Overall median = 20.0 
 
One-way ANOVA: S2 versus seed 
 
Analysis of Variance for S2       
Source     DF        SS        MS        F        P 
seed        2     21895     10948    13.84    0.000 
Error     125     98909       791 
Total     127    120804 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ----------+---------+---------+------ 
C. hasta   30     55.03     39.51                      (------*-----)  
C. tent    50     25.34     23.03    (----*----)  
C. venus   48     23.10     24.25  (----*-----)  
                                   ----------+---------+---------+------ 
Pooled StDev =    28.13                     30        45        60 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0194 
 
Critical value = 3.35 
 
Intervals for (column level mean) - (row level mean) 
 
          C. hasta    C. tent  
 
C. tent        14.31 
               45.08 
 
C. venus       16.42      -11.23 
               47.44       15.70 
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Table 3.8.16  Is the change in protocorm body length over 28 days different among 
symbioses? 
 
Data not normally distributed. Could not transform the data.  
Proceed with non-parametric test. 
 
Mood’s Median Test: change in length versus seed 
 
Chi-Square = 20.20   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
seed       N<=    N>   Median    Q3-Q1  --+---------+---------+---------+---- 
A. hasta    11    19    12.50     8.50              (---------+-------------) 
A. tent     28    22    10.00     3.25              +---) 
A. venus    41     7     8.00     4.00  (---+---) 
                                        --+---------+---------+---------+---- 
                                        7.5      10.0      12.5      15.0 
Overall median = 10.00 
 
There is a significant difference for the change in protocorm body length over 28 days for different 
symbioses.  Use ANOVA to check differences. 
 
One-way ANOVA: change in length versus seed 
 
Analysis of Variance for change in length 
Source     DF        SS        MS        F        P 
seed        2     600.6     300.3    23.45    0.000 
Error     125    1600.6      12.8 
Total     127    2201.2 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  --+---------+---------+---------+---- 
A. hasta   30    13.867     5.380                        (----*-----)  
A. tent    50    10.520     2.573            (---*---)  
A. venus   48     8.167     3.048   (---*---)  
                                   --+---------+---------+---------+---- 
Pooled StDev =    3.578            7.5      10.0      12.5      15.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0194 
 
Critical value = 3.35 
 
Intervals for (column level mean) - (row level mean) 
 
             A. hasta    A. tent  
 
A. tent        1.389 
               5.304 
 
A. venus       3.727       0.640 
               7.673       4.066 
 
ANOVA suggests that each treatment differs from every other treatment. 
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Table 3.8.17  Is the change in protocorm body width over 28 days different among symbioses? 
 
Data not normally distributed. Could not transform the data.  
Proceed with non-parametric test. 
 
Mood’s Median Test: change in width versus seed 
 
Chi-Square = 32.77   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
seed       N<=    N>   Median    Q3-Q1  ----------+---------+---------+------ 
C. hasta     8    22     7.00     5.00                 (---------+----) 
C. tent     26    24     4.00     3.00            +---------) 
C. venus    43     5     3.00     2.00  (----+ 
                                        ----------+---------+---------+------ 
                                                4.0       6.0       8.0 
Overall median = 4.00 
 
There is a significant difference for the change in protocorm body width over 28 days for different 
symbioses.  Use ANOVA to check differences. 
 
One-way ANOVA: change in width versus seed 
 
Analysis of Variance for change in width 
Source     DF        SS        MS        F        P 
seed        2    227.52    113.76    25.57    0.000 
Error     125    556.09      4.45 
Total     127    783.62 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -----+---------+---------+---------+- 
A. hasta   30     6.400     2.884                         (----*----)  
A. tent    50     4.720     1.773               (--*---)  
A. venus   48     2.938     1.850   (---*---)  
                                   -----+---------+---------+---------+- 
Pooled StDev =    2.109               3.0       4.5       6.0       7.5 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0194 
 
Critical value = 3.35 
 
Intervals for (column level mean) - (row level mean) 
 
             A. hasta    A. tent  
 
A. tent        0.526 
               2.834 
 
A. venus       2.300       0.773 
               4.625       2.792 
 
ANOVA suggests that each treatment differs from every other treatment. 
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Table 3.8.18 Is the change in leaf length over 28 days different among symbioses? 
 
Data not normally distributed. Transform data Log10(change in leaf length +1).  
Data normally distributed, proceed with ANOVA. 
 
One-way ANOVA: log10(change in leaf length +1) vs seed species 
 
Analysis of Variance for log10(change in leaf length +1)   
Source     DF        SS        MS        F        P 
seed        2     3.548     1.774     8.77    0.000 
Error     125    25.275     0.202 
Total     127    28.823 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ---+---------+---------+---------+--- 
A. hasta   30    1.5059    0.5508                      (-------*-------)  
A. tent    50    1.2600    0.3405            (-----*-----)  
A. venus   48    1.0685    0.4793  (-----*------)  
                                   ---+---------+---------+---------+--- 
Pooled StDev =   0.4497             1.00      1.20      1.40      1.60 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0194 
 
Critical value = 3.35 
 
Intervals for (column level mean) - (row level mean) 
 
             A. hasta     A. tent  
 
A. tent      -0.0000 
              0.4920 
 
A. venus      0.1895     -0.0238 
              0.6853      0.4067 
 
Residuals are normally distributed, accept ANOVA. 
 
There is a significant difference for the change in leaf length among symbioses.  A. hastata exceeds 
the A. venusta change. 
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Table 3.8.19 Is the change in volume over 28 days different among symbioses? 
 
Data not normally distributed. Transform data Log10(change in volume).  
Data normally distributed, proceed with ANOVA. 
 
One-way ANOVA: log10(change in volume) vs seed 
 
Analysis of Variance for logvolum 
Source     DF        SS        MS        F        P 
seed        2     5.250     2.625    20.55    0.000 
Error     125    15.968     0.128 
Total     127    21.218 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ----------+---------+---------+------ 
A. hasta   30    3.3944    0.4599                       (----*----)  
A. tent    50    3.0421    0.2688          (---*---)  
A. venus   48    2.8621    0.3660  (---*----)  
                                   ----------+---------+---------+------ 
Pooled StDev =   0.3574                    3.00      3.25      3.50 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0194 
 
Critical value = 3.35 
 
Intervals for (column level mean) - (row level mean) 
 
             A. hasta    A. tent  
 
A. tent       0.1568 
              0.5478 
 
A. venus      0.3353      0.0089 
              0.7294      0.3511 
. 
Residuals normally distributed. Accept ANOVA.  All treatments differ signficantly. 
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Statistics presented in Section 4.2 “Materials and Methods”. 
 
Table 4.1 Exp. 1 Effect of additives in agar on growth of A. robinsonii 
 
Leaf length data at t=0 are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: t=0 vs medium 
 
Analysis of Variance for leaf length t=0   
Source     DF        SS        MS        F        P 
medium      2       1.0       0.5     0.01    0.993 
Error      39    2634.1      67.5 
Total      41    2635.1 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ------+---------+---------+---------+ 
coconut    14    16.000     8.620    (-----------------*-----------------)  
control    14    15.929     8.615    (-----------------*----------------)  
sucrose    14    15.643     7.355   (-----------------*----------------)  
                                   ------+---------+---------+---------+ 
Pooled StDev =    8.218               12.5      15.0      17.5      20.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0194 
 
Critical value = 3.45 
 
Intervals for (column level mean) - (row level mean) 
 
                 coconut   control 
 
 control      -7.506 
               7.649 
 
 sucrose      -7.221      -7.292 
               7.935       7.864 
 
Residuals are normally distributed, accept ANOVA.   
There was no difference in leaf length among groups of plants on different media at the start of 
Experiment 1. 
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Statistics presented in Section 4.3 “Results”. 
 
Table 4.2 Exp. 1 Effect of additives in agar on growth of A. robinsonii seedlings in 
vitro 
 
Table 4.2.1 Comparison of leaf length of A. robinsonii seedlings between t=0 and t=55 for 
Medium 1 (coconut).  
 
Data are normally distributed, proceed with Paired T-test. 
 
Paired T-Test and CI: Medium 1 t=0 vs t=55 
 
                  N      Mean     StDev   SE Mean 
0                11     20.55      8.04      2.42 
55               11     58.36     18.40      5.55 
Difference       11    -37.82     12.43      3.75 
 
95% CI for mean difference: (-46.17, -29.47) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -10.09  P-Value = 0.000 
 
There was a significant difference between groups. 
 
 
Table 4.2.2 Comparison of leaf length of A. robinsonii seedlings between t=0 and t=55 for 
Medium 2 (control).  
 
Data are not normally distributed, transform data Log10. 
Data are normally distributed, proceed with Paired T-test. 
 
Paired T-Test and CI: Medium 2 t=0 vs t=55 (log10 t=0 - log10 t=55) 
 
                  N      Mean     StDev   SE Mean 
log10t=0          12    1.3151    0.1492    0.0431 
log10t=55         12    1.7025    0.1475    0.0426 
Difference       12   -0.3875    0.1260    0.0364 
 
95% CI for mean difference: (-0.4675, -0.3074) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -10.65  P-Value = 0.000 
 
There was a significant difference between groups. 
 
 
Table 4.2.3 Comparison of leaf length of A. robinsonii seedlings between t=0 and t=55 for 
Medium 3 (sucrose).  
 
Data are normally distributed, proceed with Paired T-test. 
 
Paired T-Test and CI: Medium 3 t=0 vs t=55 
 
                  N      Mean     StDev   SE Mean 
0                13     18.85      7.61      2.11 
55               13     42.08     13.13      3.64 
Difference       13    -23.23      7.63      2.12 
 
95% CI for mean difference: (-27.84, -18.62) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -10.98  P-Value = 0.000 
 
There was a significant difference between groups. 
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Table 4.2.4 Differences in leaf length of A. robinsonii seedlings among three different media 
after 55 days growth (t=55).  
 
Data are not normally distributed, transform data log10. 
 
One-way ANOVA: Log10(leaf length at t=55) vs medium 
 
Analysis of Variance for log10LL    
Source     DF        SS        MS        F        P 
medium      2    0.1332    0.0666     3.16    0.055 
Error      33    0.6946    0.0210 
Total      35    0.8278 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  --------+---------+---------+-------- 
coconut    11    1.7465    0.1384                (--------*--------)  
control    12    1.7025    0.1475            (-------*--------)  
sucrose    13    1.6024    0.1483  (-------*-------)  
                                   --------+---------+---------+-------- 
Pooled StDev =   0.1451                  1.60      1.70      1.80 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0196 
 
Critical value = 3.47 
 
Intervals for (column level mean) - (row level mean) 
 
           coconut     control 
 
 control     -0.1046 
              0.1926 
 
 sucrose     -0.0017     -0.0423 
              0.2900      0.2427 
 
 
Residuals are normally distributed, accept ANOVA. 
There was no significant difference among groups. 
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Table 4.2.5 Differences in the amount of increase of leaf growth of A. robinsonii seedlings 
among three different media after 55 days (t=55 - t=0).  
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: Leaf length (t=55 - t=0) vs medium  
 
Source    DF    SS   MS     F      P 
medium     2  1280  640  5.17  0.011 
Error     33  4090  124 
Total     35  5370 
 
S = 11.13   R-Sq = 23.84%   R-Sq(adj) = 19.23% 
 
 
                         Individual 95% CIs For Mean Based on 
                         Pooled StDev 
Level   N   Mean  StDev  ------+---------+---------+---------+--- 
coconut 11  37.82  12.43                      (---------*---------) 
control 12  31.17  12.95             (---------*--------) 
sucrose 13  23.23   7.63  (--------*--------) 
                          ------+---------+---------+---------+--- 
                             21.0      28.0      35.0      42.0 
 
Pooled StDev = 11.13 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0196 
 
Critical value = 3.47 
 
Intervals for (column level mean) - (row level mean) 
 
                 coconut   control 
 
    control    -4.75 
               18.05 
 
    sucrose     3.40       -3.00 
               25.78       18.87 
 
Residuals are normally distributed, accept ANOVA. 
There was a significant difference among groups. 
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Table 4.2.6 Increase in leaf length during the first 20 days (t=20 - t=0) of A. robinsonii 
seedlings for three different media.  
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: 1st 20 days vs medium 
 
Analysis of Variance for 1st 20 days 
Source     DF        SS        MS        F        P 
medium      2      84.9      42.4     1.39    0.263 
Error      33    1005.3      30.5 
Total      35    1090.2 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  --+---------+---------+---------+---- 
coconut    11    12.091     6.964             (----------*-----------)  
control    12     8.833     4.569   (---------*----------)  
sucrose    13     8.692     4.922   (---------*---------)  
                                   --+---------+---------+---------+---- 
Pooled StDev =    5.520            6.0       9.0      12.0      15.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0196 
 
Critical value = 3.47 
 
Intervals for (column level mean) - (row level mean) 
 
           coconut     control 
 
 control      -2.396 
               8.911 
 
 sucrose      -2.150      -5.281 
               8.947       5.563 
 
 
Residuals are normally distributed, accept ANOVA. 
There was no difference among groups. 
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Table 4.2.7 Increase in leaf length during final 14 days (t=55 - t=41) of A. robinsonii 
seedlings for three different media.  
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: last 14 days vs medium 
 
Analysis of Variance for last 14  
Source     DF        SS        MS        F        P 
medium      2     215.6     107.8     9.06    0.001 
Error      33     392.7      11.9 
Total      35     608.3 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -+---------+---------+---------+----- 
coconut    11     9.545     3.236                       (-------*--------)  
control    12     9.417     4.582                       (-------*-------)  
sucrose    13     4.385     2.181   (-------*------)  
                                   -+---------+---------+---------+----- 
Pooled StDev =    3.450           2.5       5.0       7.5      10.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0196 
 
Critical value = 3.47 
 
Intervals for (column level mean) - (row level mean) 
 
              coconut     control 
 
 control      -3.404 
               3.662 
 
 sucrose       1.693       1.644 
               8.629       8.421 
 
 
Residuals are normally distributed, accept ANOVA. 
There was a significant difference among groups. 
 
 
Table 4.2.8 Increase in leaf length during final 14 days compared with the increase in leaf 
length for the first 20 days of A. robinsonii seedlings on Medium 3 (sucrose).  
 
Data are normally distributed, proceed with Paired T-test. 
 
Paired T for final rate vs initial rate on Medium 3 
 
                  N      Mean     StDev   SE Mean 
initial          13      8.69      4.92      1.37 
final            13      4.38      2.18      0.60 
Difference       13      4.31      5.85      1.62 
 
95% CI for mean difference: (0.77, 7.84) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 2.65  P-Value = 0.021 
 
There was a significant difference between groups. 
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Table 4.2.9 Increase in leaf length during final 14 days compared with the increase in leaf 
length for the first 20 days of A. robinsonii seedlings on Medium 2 (control).  
 
Data are normally distributed, proceed with Paired T-test. 
 
Paired T for control1 - control2 
 
                  N      Mean     StDev   SE Mean 
control1         12      8.83      4.57      1.32 
control2         12      9.42      4.58      1.32 
Difference       12     -0.58      6.01      1.73 
 
95% CI for mean difference: (-4.40, 3.23) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -0.34  P-Value = 0.743 
 
There was no significant difference between groups. 
 
 
Table 4.2.10 Increase in leaf length during final 14 days compared with the increase in leaf 
length for the first 20 days of A. robinsonii seedlings on Medium 1 (coconut).  
 
Data are normally distributed, proceed with Paired T-test. 
 
Paired T for Coconut initial rate- coconut final rate 
 
                  N      Mean     StDev   SE Mean 
Coconut initial  11     12.09      6.96      2.10 
Coconut final    11      9.55      3.24      0.98 
Difference       11      2.55      8.32      2.51 
 
95% CI for mean difference: (-3.05, 8.14) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 1.01  P-Value = 0.334 
 
There was no significant difference between groups. 
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Table 4.3 Exp. 2A Effect of sucrose concentration in agar on growth and survival 
in vitro 
 
Table 4.3.1 Degree of development at deflasking (t=0) of A. tentaculata seedlings vs 
sucrose concentration 
 
Note: Categories “deformed”, “dropper>30 mm” and “tuber” were grouped together because of low 
sample size.  
Data normally distributed p>0.15 using Kolmogorov-Smirnov test for normality. 
Frequency data, proceed with Chi2 test. 
 
Chi-Square Test: Development category vs sucrose concentration 
 
Expected counts are printed below observed counts 
 
                   <1mm   1<10mm   >10<30mm   group_D,>30,T    Total 
10 g/L sucrose     4        7         20            6          37 
                   9.73     7.82      12.02         7.44 
 
0 g/L sucrose     47       34         43           33         157 
                  41.27    33.18      50.98        31.56 
 
Total             51       41         63           39         194 
 
Chi-Sq =  3.372 +  0.086 +  5.306 +  0.278 + 0.795 +  0.020 +  1.250 +  0.066 = 
11.172 
DF = 3, P-Value = 0.011 
 
There was a significant difference between groups. 
 
 
Table 4.3.2 Degree of development at deflasking (t=0) of A. tentaculata seedlings vs 
sucrose concentration: Which groups differ from the rest? 
 
A. Chi2-Test: dropper length too small to measure (<1 mm) (medium A vs C) 
Chi-Square Test: dropper too small, not too small 
 
Expected counts are printed below observed counts 
 
                 <1 mm   not <1 mm    Total 
10 g/L sucrose   4       33              37 
                 9.73    27.27 
 
0 g/L sucrose    47      110            157 
                 41.27   115.73 
 
     Total       51      143            194 
 
Chi-Sq = 3.372 + 1.203 + 0.795 + 0.283 = 5.652 
DF = 1, P-Value = 0.017 (Yates’ correction Chi2=4.71, p<0.05) 
Significant difference in development between media 
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B. Chi2-Test: dropper length >10 mm < 30 mm (medium A vs C) 
Chi-Square Test: dropper too small, not too small 
 
Expected counts are printed below observed counts 
 
                 dropper>10mm<30mm  not    Total 
10 g/L sucrose   20                 17        37 
                 12.02              24.98 
 
0 g/L sucrose    43                 114      157 
                 50.98              106.02 
 
     Total       63                 131      194 
 
Chi-Sq = 5.306 + 2.552 + 1.250 + 0.601 = 9.709 
DF = 1, P-Value = 0.002 (Yates’ correction Chi2=8.53, p<0.01) 
Significant difference in development between media 
 
C. Chi2-Test: dropper length >1 < 10 mm (medium A vs C) 
Chi2=0.02, p>0.05(Yates’ correction reported) 
There was no significant difference between groups. 
 
D. Chi2-Test: dropper length “group_D, > 30mm, T” (medium A vs C) 
Chi2=0.18, p>0.05(Yates’ correction reported) 
There was no significant difference between groups. 
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Table 4.3.3 Leaf length at deflasking (t=0) of G. major seedlings vs sucrose concentration.   
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: Leaf length vs sucrose concentration 
 
Analysis of Variance for LL       
Source     DF        SS        MS        F        P 
substrat    1    3844.2    3844.2    54.22    0.000 
Error      24    1701.7      70.9 
Total      25    5545.9 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Sucrose     N      Mean     StDev  ----------+---------+---------+------ 
5 g/L      15    14.933     8.980  (----*---)  
0 g/L      11    39.545     7.568                          (-----*----)  
                                   ----------+---------+---------+------ 
Pooled StDev =    8.420                     20        30        40 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0500 
 
Critical value = 2.92 
 
Intervals for (column level mean) - (row level mean) 
 
              5 g/L  
 
   0 g/L     -31.511 
             -17.713 
 
Residuals are normally distributed, accept ANOVA. 
There was a significant difference between groups. 
 
 
Table 4.3.4 Leaf width at deflasking (t=0) of G. major seedlings vs sucrose concentration. 
 
Data are not normally distributed, transform data. 
Data could not be transformed, use non-parametric test instead. 
 
Mood’s Median Test: leaf width vs sucrose concentration 
 
Chi-Square = 7.10   DF = 1   P = 0.008 
 
                                        Individual 95.0% CIs 
sucrose   N<=    N>   Median    Q3-Q1  ---+---------+---------+---------+--- 
5 g/L     13     2     2.00     2.00  (-------+------------) 
0 g/L      4     7     4.00     1.00                     (-------------+) 
                                        ---+---------+---------+---------+--- 
                                        1.60      2.40      3.20      4.00 
Overall median = 3.00 
 
A 95.0% CI for median(5 g/L) - median(0 g/L): (-2.00,0.00) 
 
There was a significant difference between groups. 
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Table 4.3.5 Length of dropper at deflasking (t=0) of G. major seedlings vs sucrose 
concentration 
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: dropper length vs substrate 
 
Analysis of Variance for dropper length  
Source     DF        SS        MS        F        P 
sucrose     1       329       329     2.66    0.117 
Error      23      2852       124 
Total      24      3182 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  --------+---------+---------+-------- 
5 g/L      14     33.86     13.48                (---------*----------)  
0 g/L      11     26.55      6.99   (----------*-----------)  
                                   --------+---------+---------+-------- 
Pooled StDev =    11.14                 24.0      30.0      36.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0500 
 
Critical value = 2.93 
 
Intervals for (column level mean) - (row level mean) 
 
             5 g/L 
 
   0 g/L       -1.97 
               16.59 
 
Residuals are normally distributed, accept ANOVA. 
There was no significant difference between groups. 
 
 
Table 4.3.6 Degree of dropper development at deflasking (t=0) of G. major seedlings vs 
sucrose concentration. 
 
A. Chi2-Test: dropper length >10 mm < 30 mm (medium B vs C) 
Chi-Square Test: dropper length >10 mm < 30 mm, “not” >10 mm < 30 mm 
4,11,7,4; one cell with expected count less than 5 
 
Fisher's exact test 
(4,11,7,4) 
  
 One-tailed significance level   0.069  
                   Mid-P value   0.040  
  
 Two-tailed significance level  
     Two times one-tailed significance level   0.138  
                                 Mid-P value   0.079  
     Sum of all outcomes with Prob<=Observed   0.109  
                                 Mid-P value   0.080   
 
There was no significant difference between groups. 
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B. Chi2-Test: dropper length > 30 mm (medium B vs C) 
Chi-Square Test: dropper length > 30 mm, “not” dropper length > 30 mm  
 
Expected counts are printed below observed counts 
 
                 dropper length >30mm      not    Total 
5 g/L sucrose                      10        5       15 
                                    7.50     7.50 
 
0 g/L sucrose                       3        8       11 
                                    5.50     5.50 
 
                       Total       13       13       26 
 
Chi-Sq = 0.833 + 0.833 + 1.136 + 1.136 = 3.939 
DF = 1, P-Value = 0.047 
 
=3.939, p<0.05 (Yates’ correction Chi2= 2.52; p>0.05) 
There was no significant difference between groups. 
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Table 4.4 Exp. 3 Effect of fungal strain on growth and survival in vitro 
 
 
Table 4.4.1 Difference in leaf length of A. fulva seedlings on Medium B symbiotic with 
different fungi. 
 
Data are not normally distributed, transform data. 
Data transformed log10, proceed with ANOVA. 
 
One-way ANOVA: log10 (leaf length) vs fungus 
 
Analysis of Variance for logLL    
Source     DF        SS        MS        F        P 
fungus      2    0.6529    0.3265     8.01    0.001 
Error      58    2.3629    0.0407 
Total      60    3.0158 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  --+---------+---------+---------+---- 
R22        27    1.4766    0.1925    (---*---)  
R26        29    1.4440    0.2025  (---*---)  
R4          5    1.8326    0.2506                 (--------*--------)  
                                   --+---------+---------+---------+---- 
Pooled StDev =   0.2018            1.40      1.60      1.80      2.00 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0194 
Critical value = 3.40 
 
Intervals for (column level mean) - (row level mean) 
 
               R22         R26 
 
     R26     -0.0972 
              0.1624 
 
     R4      -0.5922     -0.6235 
             -0.1197     -0.1536 
 
Residuals are normally distributed, accept ANOVA. 
There was a significant difference among groups. 
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Table 4.4.2 Difference in leaf width of A. fulva seedlings on Medium B symbiotic with 
different fungi. 
 
Data are not normally distributed, transform data. 
Data could not be transformed, use non-parametric test instead. 
 
Kruskal-Wallis Test: leaf width vs fungus 
 
Kruskal-Wallis Test on leaf width 
 
fungus      N    Median    Ave Rank         Z 
R22        27     2.000        28.8     -0.88 
R26        29     2.000        29.8     -0.51 
R4          5     3.000        50.2      2.52 
Overall    61                  31.0 
 
H = 6.42  DF = 2  P = 0.040 
H = 6.78  DF = 2  P = 0.034 (adjusted for ties) 
 
There was a significant difference among groups. 
 
Use ANOVA check to clarify significance. 
 
One-way ANOVA: leaf width vs fungus 
 
Analysis of Variance for leaf width 
Source     DF        SS        MS        F        P 
fungus      2     26.20     13.10     9.04    0.000 
Error      58     84.03      1.45 
Total      60    110.23 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  --------+---------+---------+-------- 
R22        27     1.963     0.759  (---*---)  
R26        29     2.069     0.998    (--*---)  
R4          5     4.400     3.209                  (--------*--------)  
                                   --------+---------+---------+-------- 
Pooled StDev =    1.204                  2.4       3.6       4.8 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0194 
 
Critical value = 3.40 
 
Intervals for (column level mean) - (row level mean) 
 
               R22         R26 
 
     R26      -0.880 
               0.668 
 
     R4       -3.846      -3.732 
              -1.028      -0.930 
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Table 4.4.3 Difference in dropper length of A. fulva seedlings on Medium B symbiotic with 
different fungi. 
 
Data are not normally distributed, transform data. 
Data could not be transformed, use non-parametric test instead. 
 
Mood’s Median Test: dropper length vs fungus 
 
Chi-Square = 0.16   DF = 1   P = 0.692 
 
                                        Individual 95.0% CIs 
fungus_1   N<=    N>   Median    Q3-Q1  -------+---------+---------+--------- 
R22         12    12     18.5     15.8         (----------------+------) 
R26         15    12     15.0     28.0   (---------------+-------------------) 
                                        -------+---------+---------+--------- 
                                            10.0      15.0      20.0 
Overall median = 18.0 
A 95.0% CI for median(R22) - median(R26): (-13.3,13.3) 
 
There was no significant difference between groups. 
 
 
Table 4.4.4 Differences in development of A. fulva seedlings on Medium B symbiotic with 
different fungi. 
 
CALAFULVR4 data were removed from the analyses because of low sample size.  A comparison was made 
between seedlings symbiotic with CALAFULVR22 and CLAFULVR26. Frequency data, expected frequencies <5, 
proceed with Fisher’s exact test. 
 
A. Fisher’s Exact Test: deformed, other 
 
      deformed    other    Total 
R22       7       27          34 
R26       0       29          29 
 
GenStat 
7,27,0,29) 
  
 One-tailed significance level   0.010 
                   Mid-P value   0.005 
  
 Two-tailed significance level 
     Two times one-tailed significance level   0.019 
                                 Mid-P value   0.010 
     Sum of all outcomes with Prob<=Observed   0.013 
                                 Mid-P value   0.008  
 
There was a significant difference between groups. 
 
 
B. Chi-Square Test: <10 mm, other 
 
Expected counts are printed below observed counts 
 
           <10 mm    other    Total 
R22         10       24       34 
            11.33    22.67 
 
R26         11       18       29 
             9.67    19.33 
 
Total       21       42       63 
 
Chi-Sq = 0.157 + 0.078 + 0.184 + 0.092 = 0.511 (Yates’ correction=0.2, p>0.05) 
DF = 1, P-Value = 0.475   
 
There was no significant difference between groups. 
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C. Chi-Square Test: <10 mm <30 mm, other 
 
Expected counts are printed below observed counts 
 
          <10mm<30mm    other    Total 
R22       9             25          34 
          9.17          24.83 
 
R26       8             21          29 
          7.83          21.17 
 
Total    17             46          63 
 
Chi-Sq =  0.003 +  0.001 + 0.004 +  0.001 = 0.010  (Yates’ correction =0.03) 
DF = 1, P-Value = 0.921   
There was no significant difference between groups. 
 
 
Frequency data, expected frequencies <5, proceed with Fisher’s exact test. 
 
D. Fisher’s Exact Test: dropper >30 mm, other 
 
           >30     other    Total 
R22        3       31          34 
R26        6       23          29 
 
GenStat 
(3,31,6,23) 
  
 ***** Fisher's Exact Test ***** 
  
 One-tailed significance level   0.164 
                   Mid-P value   0.104 
  
 Two-tailed significance level 
     Two times one-tailed significance level   0.327 
                                 Mid-P value   0.207 
     Sum of all outcomes with Prob<=Observed   0.280 
                                 Mid-P value   0.220  
There was no significant difference between groups. 
 
 
Frequency data, expected frequencies <5, proceed with Fisher’s exact test. 
 
E. Fisher’s Exact Test: tuber, other 
 
         tuber    other    Total 
R22      5        29          34 
R26      4        25          29 
 
Genstat 
(5,29,4,25) 
  
 ***** Fisher's Exact Test ***** 
  
 One-tailed significance level   0.604 
                   Mid-P value   0.464 
  
 Two-tailed significance level 
     Two times one-tailed significance level   1.207 
                                 Mid-P value   0.928 
     Sum of all outcomes with Prob<=Observed   1.000 
                                 Mid-P value   0.860  
There was no significant difference between groups. 
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Table 4.5 Exp. 4 Effect of non-agar substrates on growth of G. major in vitro. 
 
Table 4.5.1 Leaf length of G. major seedlings at t=4 vs substrate. 
 
Data are not normally distributed, transform data. 
Data could not be transformed, use non-parametric test instead. 
 
Mood’s Median Test: Leaf length (t =4) vs substrate 
 
Chi-Square = 27.29   DF = 6   P = 0.000 
 
                                        Individual 95.0% CIs 
medium     N<=    N>   Median    Q3-Q1  -------+---------+---------+--------- 
agar 2      17     4     7.00     2.50         (----+----) 
casuarin    13     8     8.00     4.00            (------+------) 
raw cotton   9    12    10.00     5.00                   (---------+---------) 
rice hul     6    15    10.00     4.00                      (------+------) 
scoria      10    11     9.00     4.00              (---------+----) 
sponge      20     1     6.00     4.00  (------+---------) 
vermicul    13     8     8.00     3.00              (----+---------) 
                                        -------+---------+---------+--------- 
                                             6.0       8.0      10.0 
Overall median = 8.00 
 
There was a significant difference among groups. 
Use ANOVA check to clarify significance. 
 
One-way ANOVA: t=4 vs medium 
 
Analysis of Variance for 16-Nov   
Source     DF        SS        MS        F        P 
medium      6    324.46     54.08     7.70    0.000 
Error     140    982.86      7.02 
Total     146   1307.32 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ------+---------+---------+---------+ 
agar 2     21     6.952     2.037       (-----*----)  
casuarin   21     7.810     2.442           (-----*-----)  
raw cotton 21    10.619     3.905                         (-----*-----)  
rice hul   21     9.857     2.242                      (----*-----)  
scoria     21     9.048     3.457                  (----*-----)  
sponge     21     6.048     1.830   (----*-----)  
vermicul   21     8.476     1.861               (----*-----)  
                                   ------+---------+---------+---------+ 
Pooled StDev =    2.650                6.0       8.0      10.0      12.0 
 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00329 
 
Table continued over page to keep data in a block 
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Critical value = 4.23 
Intervals for (column level mean) - (row level mean) 
 
            agar 2      casuarin    raw cotton  rice hul    scoria      sponge   
 
casuarin    -3.303 
             1.589 
 
raw cotton  -6.112      -5.255 
            -1.221      -0.364 
 
rice hul    -5.351      -4.493      -1.684 
            -0.459       0.398       3.208 
 
scoria      -4.541      -3.684      -0.874      -1.636 
             0.351       1.208       4.017       3.255 
 
sponge      -1.541      -0.684       2.126       1.364       0.554 
             3.351       4.208       7.017       6.255       5.446 
 
vermicul    -3.970      -3.112      -0.303      -1.065      -1.874      -4.874 
             0.922       1.779       4.589       3.827       3.017       0.017 
            agar 2      casuarin    raw cotton   rice hul    scoria      sponge 
 
 
Table 4.5.2 Difference in leaf length between t=24 and t=4 for G. major seedlings vs 
substrate. 
 
All data were normally distributed. 
 
A. Difference in leaf length between t=24 and t=4 for Agar substrate 
Paired T-Test and CI: Agar; t=24 - t=4 
 
                  N      Mean     StDev   SE Mean 
t=24             21    10.429     3.295     0.719 
t=4              21     6.952     2.037     0.444 
Difference       21     3.476     1.750     0.382 
 
95% CI for mean difference: (2.680, 4.273) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 9.10  P-Value = 0.000 
 
There was a significant difference between groups. 
 
 
B. Difference in leaf length between t=24 and t=4 for Scoria substrate 
Paired T-Test and CI: Scoria; t=24 - t=4 
 
                  N      Mean     StDev   SE Mean 
t=24             20     12.25      4.70      1.05 
t=4              20      9.20      3.47      0.78 
Difference       20     3.050     1.905     0.426 
 
95% CI for mean difference: (2.158, 3.942) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 7.16  P-Value = 0.000 
 
There was a significant difference between groups. 
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C. Difference in leaf length between t=24 and t=4 for Rice hulls substrate 
Paired T-Test and CI: Rice hulls; t=24 - t=4 
 
                  N      Mean     StDev   SE Mean 
t=24             21    13.476     2.977     0.650 
t=4              21     9.857     2.242     0.489 
Difference       21     3.619     1.884     0.411 
 
95% CI for mean difference: (2.762, 4.476) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 8.81  P-Value = 0.000 
 
There was a significant difference between groups. 
 
 
D. Difference in leaf length between t=24 and t=4 for Raw cotton substrate 
Paired T-Test and CI: Raw cotton; t=24 - t=4 
 
                  N      Mean     StDev   SE Mean 
t=24             20     16.75      6.62      1.48 
t=4              20     10.30      3.71      0.83 
Difference       20      6.45      4.81      1.07 
 
95% CI for mean difference: (4.20, 8.70) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 6.00  P-Value = 0.000 
 
There was a significant difference between groups. 
 
 
E. Difference in leaf length between t=24 and t=4 for Vermiculite substrate 
Paired T-Test and CI: Vermiculite; t=24 - t=4 
 
                  N      Mean     StDev   SE Mean 
t=24             21    12.286     2.327     0.508 
t=4              21     8.476     1.861     0.406 
Difference       21     3.810     1.209     0.264 
 
95% CI for mean difference: (3.259, 4.360) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 14.44  P-Value = 0.000 
 
There was a significant difference between groups. 
 
 
F. Difference in leaf length between t=24 and t=4 for Cellulose sponge substrate 
Paired T-Test and CI: Cellulose sponge; t=24 - t=4 
 
                  N      Mean     StDev   SE Mean 
t=24             21    10.000     3.606     0.787 
t=4              21     6.048     1.830     0.399 
Difference       21     3.952     2.439     0.532 
 
95% CI for mean difference: (2.842, 5.062) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 7.43  P-Value = 0.000 
There was a significant difference between groups. 
 
 
G. Difference in leaf length between t=24 and t=4 for Casuarina needles substrate 
Paired T-Test and CI: Casuarina needles; t=24 - t=4 
 
                  N      Mean     StDev   SE Mean 
t=24             14     8.786     1.968     0.526 
t=4              14     8.286     2.054     0.549 
Difference       14     0.500     0.519     0.139 
 
95% CI for mean difference: (0.200, 0.800) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 3.61  P-Value = 0.003 
There was a significant difference between groups. 
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Table 4.5.3 Leaf length of G. major seedlings at t=24 vs substrate. 
 
Data are not normally distributed, transform data. 
Data could not be transformed, use non-parametric test instead. 
 
Mood’s Median Test: Leaf length at t=24 vs medium 
 
Chi-Square = 32.56   DF = 6   P = 0.000 
                                        Individual 95.0% CIs 
medium     N<=    N>   Median    Q3-Q1  ----------+---------+---------+------ 
agar 2      16     5      9.0      3.0        +----) 
casuarin    13     1      9.0      3.3  (-----+--) 
raw cotton   4    16     14.5      7.8                   (---+--------------) 
rice hul     5    16     13.0      3.5                (--+-----) 
scoria      11     9     11.0      4.5           (-+----) 
sponge      15     6     10.0      4.5     (-----+--) 
vermicul    10    11     12.0      2.0             (--+--) 
                                        ----------+---------+---------+------ 
                                               10.5      14.0      17.5 
Overall median = 11.0 
 
There was a significant difference among groups. 
Use ANOVA check to clarify significance. 
 
One-way ANOVA: t=24 vs medium 
 
Analysis of Variance for 6-Dec    
Source     DF        SS        MS        F        P 
medium      6     778.4     129.7     8.22    0.000 
Error     131    2066.5      15.8 
Total     137    2844.9 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -+---------+---------+---------+----- 
agar 2     21    10.429     3.295        (----*----)  
casuarin   14     8.786     1.968  (-----*-----)  
raw cotton 20    16.750     6.624                          (----*----)  
rice hul   21    13.476     2.977                 (----*---)  
scoria     20    12.250     4.700             (----*----)  
sponge     21    10.000     3.606       (----*---)  
vermicul   21    12.286     2.327             (----*----)  
                                   -+---------+---------+---------+----- 
Pooled StDev =    3.972           7.0      10.5      14.0      17.5 
 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00325 
Critical value = 4.24 
Intervals for (column level mean) - (row level mean) 
 
             agar 2      casuarin    raw cotton rice hul    scoria      sponge   
casuarin    -2.466 
             5.751 
 
raw cotton  -10.042     -12.114 
            -2.601      -3.815 
 
rice hul    -6.722      -8.799      -0.447 
             0.627      -0.582       6.994 
 
scoria      -5.542      -7.614       0.734      -2.494 
             1.899       0.685       8.266       4.947 
 
sponge      -3.246      -5.323       3.029      -0.199      -1.471 
             4.103       2.894      10.471       7.151       5.971 
 
vermicul    -5.532      -7.609       0.744      -2.484      -3.756      -5.961 
             1.818       0.609       8.185       4.865       3.685       1.389 
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Table 4.5.4 Effect of non-agar substrates on increase in leaf length of G. major seedlings. 
 
Data are not normally distributed, transform data. 
Data could not be transformed, use non-parametric test instead. 
 
Mood’s Median Test: increase in leaf length/week vs substrate 
 
Chi-Square = 19.82   DF = 6   P = 0.003 
 
                                        Individual 95.0% CIs 
substrate  N<=    N>   Median    Q3-Q1  +---------+---------+---------+------ 
agar 2      13     8     1.05     0.88              (+----) 
casuarin    14     0     0.18     0.35  (-+-) 
raw cotton   6    14     1.93     1.75                (---------+---------) 
rice hul    10    11     1.40     0.70               (----+ 
scoria      13     7     1.05     0.70           (---+----) 
sponge       9    12     1.40     0.52               (----+ 
vermicul    10    11     1.40     0.52               (----+ 
                                        +---------+---------+---------+------ 
                                     0.00      0.80      1.60      2.40 
Overall median = 1.05 
 
There was a significant difference among groups. 
Use ANOVA check to clarify significance. 
 
One-way ANOVA: increase in leaf length/week vs substrate 
 
Analysis of Variance for increase in leaf length/week 
Source     DF        SS        MS        F        P 
medium      6    37.463     6.244     8.43    0.000 
Error     131    96.993     0.740 
Total     137   134.456 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ----+---------+---------+---------+-- 
agar 2     21    1.2167    0.6124                 (---*----)  
casuarin   14    0.1750    0.1816   (----*-----)  
raw cotton 20    2.2575    1.6823                             (----*----)  
rice hul   21    1.2667    0.6592                 (----*---)  
scoria     20    1.0675    0.6667               (---*----)  
sponge     21    1.3833    0.8536                   (---*----)  
vermicul   21    1.3333    0.4232                  (----*---)  
                                   ----+---------+---------+---------+-- 
Pooled StDev =   0.8605              0.00      0.80      1.60      2.40 
 
Tukey's pairwise comparisons 
Family error rate = 0.0500  Individual error rate = 0.00325 
Critical value = 4.24 
 
Intervals for (column level mean) - (row level mean) 
              agar 2     casuarin   raw cotton   rice hul   scoria     sponge   
casuarin      0.1516 
              1.9318 
 
raw cotton   -1.8469     -2.9815 
             -0.2348     -1.1835 
 
rice hul     -0.8461     -1.9818      0.1848 
              0.7461     -0.2016      1.7969 
 
scoria       -0.6569     -1.7915      0.3742     -0.6069 
              0.9552      0.0065      2.0058      1.0052 
 
sponge       -0.9628     -2.0984      0.0681     -0.9128   -1.1219 
              0.6295     -0.3182      1.6802      0.6795    0.4902 
 
vermicul     -0.9128     -2.0484      0.1181     -0.8628   -1.0719   -0.7461 
              0.6795     -0.2682      1.7302      0.7295    0.5402    0.8461 
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Table 4.5.5 Effect of non-agar substrates (subset) on increase in leaf length/week of G. 
major seedlings. 
 
Data are not normally distributed, transform data. 
Data could not be transformed, use non-parametric test instead. 
 
Mood’s Median Test: increase in leaf length/week vs medium_1 
 
Chi-Square = 3.18   DF = 4   P = 0.528 
 
                                        Individual 95.0% CIs 
medium_1   N<=    N>   Median    Q3-Q1  ------+---------+---------+---------+ 
agar 2      13     8    1.050    0.875               (-----+----------------) 
rice hul    10    11    1.400    0.700                     (----------------+ 
scoria      13     7    1.050    0.700   (-----------------+----------------) 
sponge       9    12    1.400    0.525                     (----------------+ 
vermicul    10    11    1.400    0.525                     (----------------+ 
                                        ------+---------+---------+---------+ 
                                           0.80      1.00      1.20      1.40 
Overall median = 1.050 
 
There was no significant difference among groups. 
 
 
Table 4.5.6 Survival of G. major seedlings on non-agar substrates. 
 
Data normally distributed p>0.05 using Kolmogorov-Smirnov test for normality. 
Frequency data, expected frequencies <5, proceed with Fisher’s exact test. 
 
Survival data from all treatments except casuarina needles were combined because of low sample 
size. 
Fisher’s exact Test: alive, dead 
 
            aliveA    deadA    Total 
casuarina       14        7       21 
All others     124        2      126 
 
Genstat 
(14,7,124,2) 
  
 ***** Fisher's Exact Test ***** 
  
 One-tailed significance level  <0.001 
                   Mid-P value  <0.001 
  
 Two-tailed significance level 
     Two times one-tailed significance level  <0.001 
                                 Mid-P value  <0.001 
     Sum of all outcomes with Prob<=Observed  <0.001 
                                 Mid-P value  <0.001 
 
There was a significant difference between groups. 
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Table 4.6 Exp. 5A Effect of non-agar substrates on growth of A. tentaculata in 
vitro. 
 
Table 4.6.1 Leaf length at start (t=42) of A. tentaculata seedlings vs substrate. 
 
Data are not normally distributed, transform data. 
Data could not be transformed, use non-parametric test instead. 
 
Mood’s Median Test: Leaf length at start (t=42) vs substrate 
 
Chi-Square = 36.51   DF = 3   P = 0.000 
 
                                        Individual 95.0% CIs 
substrat   N<=    N>   Median    Q3-Q1  ----------+---------+---------+------ 
raw cott    26    14     10.0     11.8        (+--------) 
raw wool    19     0      8.0      5.0  (--+---) 
sponge      17    24     18.0     13.5              (-------+----) 
Wool lin     8    30     24.0     11.3                       (--------+-) 
                                        ----------+---------+---------+------ 
                                               12.0      18.0      24.0 
Overall median = 15.0 
 
There was a significant difference among groups. 
Use ANOVA check to clarify significance. 
 
One-way ANOVA: Leaf length at start (t=42) vs substrate 
 
Analysis of Variance for Leaf length at start (t=42) vs substrate     
Source     DF        SS        MS        F        P 
substrat    3    3371.1    1123.7    18.36    0.000 
Error     134    8203.4      61.2 
Total     137   11574.5 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  --+---------+---------+---------+---- 
raw cott   40    13.150     7.434            (---*---)  
raw wool   19     8.368     2.891  (-----*-----)  
sponge     41    17.415     9.309                   (---*---)  
Wool lin   38    23.053     8.107                            (---*----)  
                                   --+---------+---------+---------+---- 
Pooled StDev =    7.824            6.0      12.0      18.0      24.0 
 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0103 
 
Critical value = 3.68 
 
Intervals for (column level mean) - (row level mean) 
 
          raw cotton     raw wool      sponge   
 
raw wool      -0.891 
              10.454 
 
sponge        -8.789     -14.697 
               0.260      -3.396 
 
Wool liner   -14.515     -20.405     -10.223 
              -5.290      -8.964      -1.053 
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Table 4.6.2 Difference in leaf length between t=57 and t=42 for A. tentaculata seedlings vs 
substrate. 
 
Data for “raw cotton” were not normally distributed and were transformed by Log10 function.  Data were normally 
distributed (p>0.05) using Kolmogorov-Smirnov test for normality.   
Data were normally distributed (p>0.05) using Anderson-Darling test for normality for “raw wool”, “cellulose 
sponge” and “wool liner”.  
 
A. Difference in leaf length between t=57 and t=42 for Raw cotton substrate 
Paired T-Test and CI: Raw cotton; t=57 - t=42 
 
                  N      Mean     StDev   SE Mean 
logRCt91         39    1.1164    0.3020    0.0484 
logRCt42         39    1.0600    0.2545    0.0407 
Difference       39    0.0563    0.0800    0.0128 
 
95% CI for mean difference: (0.0304, 0.0822) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 4.40  P-Value = 0.000 
 
There was a significant difference between groups. 
 
 
B. Difference in leaf length between t=57 and t=42 for Cellulose sponge substrate 
Paired T-Test and CI: Cellulose sponge; t=57 - t=42 
 
                  N      Mean     StDev   SE Mean 
CS t=91          41     21.80     11.65      1.82 
CS t=42          41     17.41      9.31      1.45 
Difference       41     4.390     3.193     0.499 
 
95% CI for mean difference: (3.382, 5.398) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 8.80  P-Value = 0.000 
 
There was a significant difference between groups. 
 
 
C. Difference in leaf length between t=57 and t=42 for Wool liner substrate 
Paired T-Test and CI: Wool liner; t=57 - t=42 
 
                  N      Mean     StDev   SE Mean 
WL t=91          38     28.84      9.85      1.60 
WL t=42          38     23.05      8.11      1.32 
Difference       38     5.789     2.733     0.443 
 
95% CI for mean difference: (4.891, 6.688) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 13.06  P-Value = 0.000 
 
There was a significant difference between groups. 
 
 
D. Difference in leaf length between t=57 and t=42 for Raw wool substrate 
Paired T-Test and CI: Raw wool; t=57 - t=42 
 
                  N      Mean     StDev   SE Mean 
RW t=91          19     8.474     2.855     0.655 
RW t=42          19     8.368     2.891     0.663 
Difference       19     0.105     1.150     0.264 
 
95% CI for mean difference: (-0.449, 0.659) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.40  P-Value = 0.695 
 
There was no difference between groups. 
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Table 4.6.3 Leaf length at finish (t=57) of A. tentaculata seedlings vs substrate. 
 
Data are not normally distributed, transform data. 
Data could not be transformed, use non-parametric test instead. 
 
Mood’s Median Test: Leaf length at finish (t=57) vs substrate 
 
Chi-Square = 37.48   DF = 3   P = 0.000 
 
                                        Individual 95.0% CIs 
substrat   N<=    N>   Median    Q3-Q1  --+---------+---------+---------+---- 
raw cott    26    14     13.5     19.3        (----+----------) 
raw wool    20     0      8.0      4.0   (-+--) 
Cell sponge 17    24     22.0     18.5               (---------+-------) 
Wool lin     8    30     30.0     14.3                             (-------+-) 
                                        --+---------+---------+---------+---- 
                                        7.0      14.0      21.0      28.0 
Overall median = 20.0 
 
There was a significant difference among groups. 
Use ANOVA check to clarify significance. 
 
One-way ANOVA: Leaf length at finish (t=57) vs substrate 
 
Analysis of Variance for Leaf length at finish (t=57) vs substrate      
Source     DF        SS        MS        F        P 
substrat    3    6573.2    2191.1    23.31    0.000 
Error     135   12691.7      94.0 
Total     138   19264.8 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -----+---------+---------+---------+- 
raw cott   40    15.725     9.498             (---*--)  
raw wool   20     8.300     2.886  (----*-----)  
sponge     41    21.805    11.645                     (--*---)  
Wool lin   38    28.842     9.852                             (---*---)  
                                   -----+---------+---------+---------+- 
Pooled StDev =    9.696               8.0      16.0      24.0      32.0 
 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0103 
 
Critical value = 3.68 
 
Intervals for (column level mean) - (row level mean) 
 
             raw cott    raw wool    sponge   
 
raw wool       0.515 
              14.335 
 
sponge       -11.687     -20.386 
              -0.473      -6.623 
 
Wool lin     -18.833     -27.512     -12.719 
              -7.402     -13.572      -1.356 
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Table 4.6.4 Difference in increase in leaf length (t=57-t=42) of A. tentaculata seedlings vs 
substrate. 
 
Data were normally distributed (p>0.05) using Kolmogorov-Smirnov test for normality, proceed with ANOVA. 
 
One-way ANOVA: increase in leaf length vs substrate 
 
Analysis of Variance for increase 
Source     DF        SS        MS        F        P 
substrat    3    481.36    160.45    20.44    0.000 
Error     134   1051.64      7.85 
Total     137   1532.99 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -----+---------+---------+---------+- 
raw cott   40     2.575     2.969              (--*---)  
raw wool   19     0.105     1.150  (----*-----)  
sponge     41     4.390     3.193                     (---*--)  
Wool lin   38     5.789     2.733                           (--*---)  
                                   -----+---------+---------+---------+- 
Pooled StDev =    2.801               0.0       2.5       5.0       7.5 
 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0103 
 
Critical value = 3.68 
 
Intervals for (column level mean) - (row level mean) 
 
              raw cott    raw wool    sponge   
 
raw wool       0.439 
               4.501 
 
sponge        -3.435      -6.308 
              -0.195      -2.262 
 
Wool liner    -4.866      -7.732      -3.041 
              -1.563      -3.636       0.242 
 
Residuals were normally distributed, accept ANOVA. 
There was a significant difference among groups. 
 
 
Table 4.6.5 Effect of substrate on survival of A. tentaculata seedlings in vitro. 
 
Chi-Square Test: alive, not alive 
 
Expected counts are printed below observed counts 
 
         alive not alive   Total 
    1       41        1       42 
         40.00     2.00 
 
    2       40        2       42 
         40.00     2.00 
 
    3       20        1       21 
         20.00     1.00 
 
    4       39        3       42 
         40.00     2.00 
 
Total      140        7      147 
 
Chi-Sq = 0.025 + 0.500 + 0.000 + 0.000 + 0.000 + 0.000 + 0.025 + 0.500 = 1.050 
DF = 3, P-Value = 0.789 
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4 cells with expected counts less than 5.0 
 
There was no significant difference among groups. 
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Table 4.6.6 Leaf length at start (t=42) for A. tentaculata seedlings vs sucrose concentration. 
 
Data are not normally distributed, transform data. 
Data could not be transformed, use non-parametric test instead. 
 
Mood’s median test: Leaf length at start (t=42) vs sucrose concentration 
 
Mood’s Median test for leaf length at start  
 
Chi-Square = 28.85   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
sucrose     N<=    N>   Median    Q3-Q1  ---------+---------+---------+------- 
0 g/L       20     5    0.778    0.327  (-------+-----) 
2.5 g/L     45    23    0.845    0.405          (--+-----) 
5 g/L        9    33    1.243    0.316                             (---+---) 
                                        ---------+---------+---------+------- 
                                              0.80      1.00      1.20 
Overall median = 0.954 
 
There was a significant difference among groups. 
Use ANOVA check to clarify significance. 
 
One-way ANOVA: Leaf length at start (t=42) vs sucrose concentration  
 
Analysis of Variance for leaf length     
Source     DF        SS        MS        F        P 
sucrose     2    3344.9    1672.4    51.67    0.000 
Error     132    4272.6      32.4 
Total     134    7617.4 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  -+---------+---------+---------+----- 
0          25     6.840     3.590  (----*---)  
2.5        68     7.618     4.052      (-*--)  
5          42    18.143     8.357                          (--*---)  
                                   -+---------+---------+---------+----- 
Pooled StDev =    5.689           5.0      10.0      15.0      20.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0193 
 
Critical value = 3.35 
 
Intervals for (column level mean) - (row level mean) 
 
                 0           2.5 
 
       2.5    -3.930 
               2.374 
 
       5     -14.707     -13.170 
              -7.899      -7.880 
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Table 4.6.7 Effect of sucrose concentration on leaf length of A. tentaculata seedlings 
growing on cellulose sponge substrate for 0g/L and 2.5 g/L sucrose at t=86. 
 
Data are not normally distributed, transform data Log10. 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: Log10 (leaf length at t=86) vs sucrose concentration 
 
Analysis of Variance for log length  
Source     DF        SS        MS        F        P 
sucrose1    1    0.2151    0.2151     2.88    0.094 
Error      74    5.5267    0.0747 
Total      75    5.7418 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ---------+---------+---------+------- 
0 g/L      19    0.8446    0.3179   (-----------*------------)  
2.5 g/L    57    0.9674    0.2573                     (------*------)  
                                   ---------+---------+---------+------- 
Pooled StDev =   0.2733                   0.80      0.90      1.00 
 
Fisher's pairwise comparisons 
 
Family error rate = 0.0500 
Individual error rate = 0.0500 
 
Critical value = 1.993 
 
Intervals for (column level mean) - (row level mean) 
 
                   0 
 
       2.5   -0.2671 
              0.0214 
 
Residuals are normally distributed, accept ANOVA. 
There was no significant difference between groups. 
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Table 4.6.8 Effect of sucrose concentration on increase in leaf length of A. tentaculata 
seedlings growing on cellulose sponge substrate (t=57-t=42). 
 
Data are not normally distributed, transform data. 
Data could not be transformed, use non-parametric test instead. 
 
Mood’s median test: Increase in leaf length/week vs sucrose 
 
Chi-Square = 43.85   DF = 2   P = 0.000 
 
                                        Individual 95.0% CIs 
sugar      N<=    N>   Median    Q3-Q1  -+---------+---------+---------+----- 
1           16     3     0.00     0.32   +-) 
2           45    12     0.16     0.48     +--) 
3            7    34     1.87     1.87                     (----+-----------) 
                                        -+---------+---------+---------+----- 
                                      0.00      0.80      1.60      2.40 
Overall median = 0.48 
There was a significant difference among groups. 
Use ANOVA check to clarify significance. 
 
One-way ANOVA: Increase in leaf length/week vs sucrose 
Analysis of Variance for rate/week 
Source     DF        SS        MS        F        P 
sucrose     2    92.119    46.059    49.35    0.000 
Error     114   106.396     0.933 
Total     116   198.514 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
sucrose     N      Mean     StDev  ----+---------+---------+---------+-- 
0 g/L      19    0.1511    0.3920  (-----*----)  
2.5 g/L    57    0.4637    0.7251         (--*--)  
5 g/L      41    2.2312    1.3619                              (---*---)  
                                   ----+---------+---------+---------+-- 
Pooled StDev =   0.9661              0.00      0.80      1.60      2.40 
 
Tukey's pairwise comparisons 
 
Family error rate = 0.0500 
Individual error rate = 0.0192 
 
Critical value = 3.36 
 
Intervals for (column level mean) - (row level mean) 
 
                 0           2.5 
 
       2.5   -0.9207 
              0.2954 
 
       5     -2.7172     -2.2376 
             -1.4432     -1.2975 
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Table 4.6.9 Effect of sucrose concentration on survival of A. tentaculata seedlings growing 
on cellulose sponge substrate. 
 
Data were normally distributed (p>0.05) using Kolmogorov-Smirnov test for normality. 
Frequency data, proceed with Chi2 test. 
 
Chi-Square Test: alive, dead vs sucrose concentration 
 
Expected counts are printed below observed counts 
 
                  alive     dead    Total 
    0 g/L sucrose    19       23       42 
                     30.71    11.29 
 
    2.5 g/L sucrose  57       19       76 
                     55.58    20.43 
 
    5 g/L sucrose    41        1       42 
                     30.71    11.29 
 
           Total    117       43      160 
 
Chi-Sq =  4.467 + 12.154 + 0.037 +  0.099 + 3.446 +  9.376 = 29.578 
DF = 2, P-Value = 0.000 
 
There was a significant difference among groups. 
 
 
A. Chi2-Test: survival (0 g/L sucrose vs 2.5 g/L sucrose) 
 
Use Yates’ correction routinely for 2x2 tables     
       
 alive not alive Total    
treatment 1 (0 g/L) 19 (A) 23 (B) 42    
treatment 2 (2.5 g/L) 57(C) 19(D) 76    
 76 42 118    
       
 891 =(|AD-BC|-N/2) 793881 =(|AD-BC|-N/2)2  
Yates’ correction   93677958 =N(|AD-BC|-N/2)2  
=N(|AD-BC|-N/2)2       
(A+B)(C+D)(A+C)(B+D)   10188864 =(A+B)(C+D)(A+C)(B+D) 
       
  
Chi2= 9.194151379 =N(|AD-BC|-N/2)2  
  df=1  (A+B)(C+D)(A+C)(B+D) 
 
Chi2=9.19, p<0.01 
There was a significant difference between groups. 
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B. Chi2-Test: survival (0 g/L sucrose vs 5 g/L sucrose) 
Use Yates’ correction routinely for 2x2 tables     
       
 alive not alive Total    
treatment 1 (0 g/L) 19 (A) 23 (B) 42    
treatment 2 (5 g/L) 41(C) 1(D) 42    
 60 24 84    
       
 882 =(|AD-BC|-N/2) 777924 =(|AD-BC|-N/2)2  
Yates’ correction   65345616 =N(|AD-BC|-N/2)2  
=N(|AD-BC|-N/2)2       
(A+B)(C+D)(A+C)(B+D)   2540160 =(A+B)(C+D)(A+C)(B+D) 
       
  
Chi2= 25.725 =N(|AD-BC|-N/2)2  
  df=1  (A+B)(C+D)(A+C)(B+D) 
Chi2=25.73, p<0.001 
There was a significant difference between groups. 
 
 
C. Chi2-Test: survival (2.5 g/L sucrose vs 5 g/L sucrose) 
 
Use Yates’ correction routinely for 2x2 tables     
       
 alive not alive Total    
treatment 1 (2.5 g/L) 57(A) 19(B) 76    
treatment 2 (5 g/L) 41(C) 1(D) 42    
 98 20 118    
       
 663 =(|AD-BC|-N/2) 439569 =(|AD-BC|-N/2)2  
Yates’ correction   51869142 =N(|AD-BC|-N/2)2  
=N(|AD-BC|-N/2)2       
(A+B)(C+D)(A+C)(B+D)   6256320 =(A+B)(C+D)(A+C)(B+D) 
       
  
Chi2= 8.290679185 =N(|AD-BC|-N/2)2  
  df=1  (A+B)(C+D)(A+C)(B+D) 
Chi2=8.29, p<0.01 
There was a significant difference between groups. 
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One-way ANOVA: survival vs sucrose 
 
Analysis of Variance for survival 
Source     DF        SS        MS        F        P 
sucrose     2     5.813     2.906    17.80    0.000 
Error     157    25.631     0.163 
Total     159    31.444 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ----+---------+---------+---------+-- 
1          42    1.5476    0.5038                       (----*----)  
2          76    1.2500    0.4359            (---*---)  
3          42    1.0238    0.1543  (----*----)  
                                   ----+---------+---------+---------+-- 
Pooled StDev =   0.4040              1.00      1.25      1.50      1.75 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0191 
 
Critical value = 3.35 
 
Intervals for (column level mean) - (row level mean) 
 
                 1           2 
 
       2      0.1136 
              0.4816 
 
       3      0.3150      0.0422 
              0.7327      0.4102 
 
 583 
Table 4.6.10 Effect of sucrose concentration on leaf length of A. tentaculata seedlings 
growing on raw cotton substrate at the start (t=42). 
 
Data are not normally distributed, transform data Log10. 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: log10 leaf length (t=42) vs sucrose 
 
Analysis of Variance for log length   
Source     DF        SS        MS        F        P 
sucrose     1    0.0137    0.0137     0.21    0.652 
Error      57    3.8104    0.0668 
Total      58    3.8241 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ----------+---------+---------+------ 
2.5 g/L    17    1.0407    0.1696   (-----------------*-----------------)  
5 g/L      42    1.0070    0.2859    (-----------*----------)  
                                   ----------+---------+---------+------ 
Pooled StDev =   0.2586                    0.980     1.050     1.120 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0500 
 
Critical value = 2.83 
 
Intervals for (column level mean) - (row level mean) 
 
              2.5 g/L 
 
       5 g/  -0.1152 
              0.1825 
 
Residuals are normally distributed, accept ANOVA. 
There was no significant difference between groups. 
 
 
Table 4.6.11 Effect of sucrose concentration on leaf length of A. tentaculata seedlings 
growing on raw cotton substrate at (t=86). 
 
Data are not normally distributed, transform data. 
Data could not be transformed, use non-parametric test instead. 
 
Mood’s Median Test: leaf length at t=86 vs sucrose 
 
Chi-Square = 0.04   DF = 1   P = 0.839 
 
                                        Individual 95.0% CIs 
sucrose   N<=    N>   Median    Q3-Q1  ----+---------+---------+---------+-- 
2.5 g/L     9     8     14.0      7.5    (----+----) 
5 g/L      20    20     14.5     26.8   (------+----------------------------) 
                                        ----+---------+---------+---------+-- 
                                        12.0      18.0      24.0      30.0 
Overall median = 14.0 
 
A 95.0% CI for median(1) - median(2): (-13.3,5.0) 
 
There was no significant difference between groups. 
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Table 4.6.12 Effect of sucrose concentration on increase in leaf length of A. tentaculata 
seedlings growing on raw cotton substrate. 
 
Data are not normally distributed, transform data. 
Data could not be transformed, use non-parametric test instead. 
 
Mood’s Median Test: leaf length increase/week vs sucrose 
 
Chi-Square = 1.42   DF = 1   P = 0.234 
 
                                        Individual 95.0% CIs 
sucrose    N<=    N>   Median    Q3-Q1  -----+---------+---------+---------+- 
2.5 g/L     11     6     0.48     0.80  (--+----) 
5 g/L       19    21     0.80     2.66  (-------+-------------------------) 
                                        -----+---------+---------+---------+- 
                                          0.60      1.20      1.80      2.40 
Overall median = 0.48 
A 95.0% CI for median(1) - median(2): (-1.27,0.36) 
 
There was no significant difference between groups. 
 
 
Table 4.6.13 Survival of A. tentaculata seedlings growing on raw cotton substrate vs sucrose 
concentration. 
 
Frequency data, expected frequencies <5, proceed with Fisher’s exact test. 
 
Fisher’s exact test: alive, dead 
 
      alive     dead    Total 
2.5 g/L  17        4       21 
5 g/L    42        0       42 
 
Genstat 
(17,4,42,0) 
  
 ***** Fisher's Exact Test ***** 
  
 One-tailed significance level   0.010 
                   Mid-P value   0.005 
  
 Two-tailed significance level 
     Two times one-tailed significance level   0.020 
                                 Mid-P value   0.010 
     Sum of all outcomes with Prob<=Observed   0.010 
                                 Mid-P value   0.005 
 
 
There was a significant difference between groups. 
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Table 4.7 Exp. 2B Effect of sucrose in agar medium on growth and survival after 
deflasking. 
 
Table 4.7.1 Effect of sucrose in agar on the number of A. tentaculata plants with a green 
leaf after deflasking (t=3 months). 
 
Frequency data, proceed with Chi2 test. 
 
Chi-Square Test: Leaf green vs not green (t=3 months: Agar medium 10 g/L vs 0 g/L 
sucrose) 
 
Expected counts are printed below observed counts 
 
Sucrose     leaf green   not green    Total 
10 g/L       2            31             33 
             7.83         25.17 
0 g/L       26            59             85 
            20.17         64.83 
 
Total       28            90            118 
 
Chi-Sq =  4.341 +  1.351 + 1.685 +  0.524 = 7.902 (Yates’ correction=6.6) 
DF = 1, P-Value = 0.005 
 
There was a significant difference between groups. 
 
 
Table 4.7.2 Effect of sucrose in agar on the number of A. tentaculata plants forming a tuber 
and entering dormancy (t=13 months). 
 
Frequency data, proceed with Chi2 test. 
 
Chi-Square Test: Tubers formed vs no tuber (t=13 months: Agar medium 10 g/L vs 0 g/L 
sucrose) 
 
Expected counts are printed below observed counts 
 
Sucrose  tubers   no tuber     Total 
10 g/L       14         19        33 
              5.87      27.13 
 
0 g/L         7         78        85 
             15.13      69.87 
   
Total        21         97       118 
 
Chi-Sq = 11.247 +  2.435 + 4.366 + 0.945 = 18.993 (Yates’ correction=16.7) 
DF = 1, P-Value = 0.000 
 
There was a significant difference between groups. 
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Table 4.7.3 Effect of sucrose in agar on the number of A. tentaculata plants re-emerging 
after the summer dormancy period (t=13 months). 
 
Frequency data, proceed with Chi2 test.  Expected values <5, proceed with Fisher’s exact test. 
 
Fisher’s Exact Test: Re-emerged seedlings vs not emerged (t=13 months: Agar medium 
10 g/L vs 0 g/L sucrose) 
 
Expected counts are printed below observed counts 
 
Sucrose  re-emerged   not up     Total 
10 g/L            3       30        33 
0 g/L             5       80        85 
 
Genstat 
(3,30,5,80) 
  
 ***** Fisher's Exact Test ***** 
  
 One-tailed significance level   0.396 
                   Mid-P value   0.274 
  
 Two-tailed significance level 
     Two times one-tailed significance level   0.792 
                                 Mid-P value   0.547 
     Sum of all outcomes with Prob<=Observed   0.684 
                                 Mid-P value   0.562 
 
 
There was no significant difference between groups. 
 
 
Table 4.7.4 Effect of sucrose in agar on the proportion of rotted tubers (t=13 months) of A. 
tentaculata. 
 
Frequency data, proceed with Chi2 test.  Expected values <5, proceed with Fisher’s exact test. 
 
Fisher’s Exact Test: Rotted tubers vs tuber not rotted (t=13 months: Agar medium 10 g/L 
vs 0 g/L sucrose) 
 
Sucrose  Rotted   not rotted     Total 
10 g/L       11            3        14 
0 g/L         2            5         7 
 
Genstat 
(11,3,2,5) 
  
 ***** Fisher's Exact Test ***** 
  
 One-tailed significance level   0.041 
                   Mid-P value   0.022 
  
 Two-tailed significance level 
     Two times one-tailed significance level   0.082 
                                 Mid-P value   0.044 
     Sum of all outcomes with Prob<=Observed   0.056 
                                 Mid-P value   0.037 
 
 
There was a significant difference between groups.  Note that numbers are small. 
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Table 4.7.5 Effect of sucrose in agar on the number of G. major plants with a green leaf after 
deflasking (t=3 months). 
 
Frequency data, proceed with Chi2 test.  Expected values <5, proceed with Fisher’s exact test. 
 
Fisher’s Exact Test: Leaf green vs not green (t=3 months: Agar medium 5 g/L vs 0 g/L 
sucrose) 
 
Sucrose   leaf green   not green   Total 
5 g/L           1          14         15 
0 g/L          10           1         11 
 
Genstat 
(1,14,10,1) 
  
 ***** Fisher's Exact Test ***** 
  
 One-tailed significance level  <0.001 
                   Mid-P value  <0.001 
  
 Two-tailed significance level 
     Two times one-tailed significance level  <0.001 
                                 Mid-P value  <0.001 
     Sum of all outcomes with Prob<=Observed  <0.001 
                                 Mid-P value  <0.001 
 
 
There was a significant difference between groups. 
 
 
Table 4.7.6 Effect of sucrose in agar on the number of G. major plants forming a tuber and 
entering dormancy (t=13 months). 
 
Frequency data, expected frequencies <5, proceed with Fisher’s exact test. 
 
Fisher’s Exact Test: Tuber formed vs not formed (t=13 months: Agar medium 5 g/L vs 0 
g/L sucrose) 
 
Sucrose  tuber formed     no tuber    Total 
5 g/L            2        13             15 
0 g/L            6         5             11 
 
Genstat 
(2,13,6,5) 
  
 ***** Fisher's Exact Test ***** 
  
 One-tailed significance level   0.034 
                   Mid-P value   0.019 
  
 Two-tailed significance level 
     Two times one-tailed significance level   0.069 
                                 Mid-P value   0.038 
     Sum of all outcomes with Prob<=Observed   0.038 
                                 Mid-P value   0.023 
  
 
There was a significant difference between groups. 
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Table 4.7.7 Effect of sucrose in agar on the number of G. major plants re-emerging after the 
summer dormancy period (t=13 months). 
 
Frequency data, expected frequencies <5, proceed with Fisher’s exact test. 
 
Fisher’s Exact Test: Re-emerged vs not (t=13 months: Agar medium 5 g/L vs 0 g/L 
sucrose) 
 
Sucrose        re-emerged      not    Total 
5 g/L          1               14        15 
0 g/L          6                5        11 
 
Genstat 
(1,14,6,5) 
  
 ***** Fisher's Exact Test ***** 
  
 One-tailed significance level   0.011 
                   Mid-P value   0.006 
  
 Two-tailed significance level 
     Two times one-tailed significance level   0.022 
                                 Mid-P value   0.012 
     Sum of all outcomes with Prob<=Observed   0.021 
                                 Mid-P value   0.016 
 
 
There was a significant difference between groups. 
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Table 4.8 Exp. 5B Effect of non-agar substrates on growth and survival of A. 
tentaculata after deflasking. 
 
Table 4.8.1 Effect of in vitro substrate on re-emergence of A. tentaculata seedlings after 
dormancy.  
 
Data were normally distributed (p>0.05) using Kolmogorov-Smirnov test for normality. 
 
Chi-Square Test: alive, dead  
 
Expected counts are printed below observed counts 
 
                  alive    dead    Total 
cellulose sponge  15       23         38 
                  16.67    21.33 
 
raw cotton        10        9         19 
                   8.33    10.67 
 
Total             25       32         57 
 
Chi-Sq =  0.167 +  0.130 + 0.333 +  0.260 = 0.891 (Yates’ correction=0.436) 
DF = 1, P-Value = 0.345 
 
There was no significant difference between groups. 
 
 
Table 4.8.2 Effect of oatmeal soil mix on survival after deflasking of A. tentaculata 
seedlings. 
 
Frequency data, expected frequencies <5, proceed with Fisher’s exact test. 
 
Fisher’s Exact Test: alive vs dead (for oatmeal soil mix vs pure sand & sand mixes) 
 
      alive2   dead     Total 
oatmeal   0        6        6 
sand     25       26       51 
         25       32       57 
 
Genstat 
(0,6,25,26) 
  
 ***** Fisher's Exact Test ***** 
  
 One-tailed significance level   0.025 
                   Mid-P value   0.012 
  
 Two-tailed significance level 
     Two times one-tailed significance level   0.050 
                                 Mid-P value   0.025 
     Sum of all outcomes with Prob<=Observed   0.030 
                                 Mid-P value   0.017 
 
There was a significant difference between groups. 
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Table 4.8.3 Effect of different mixes in sand on survival after deflasking of A. tentaculata 
seedlings. 
 
Frequency data, expected frequencies <5, proceed with Fisher’s exact test. 
 
Fisher’s Exact Test: alive vs dead 
 
                alive     dead    Total 
Pure sand           6        9       15 
Euc:sand mixes      5        5       10 
                   11       14       25 
Genstat 
(6,9,5,5) 
  
 ***** Fisher's Exact Test ***** 
  
 One-tailed significance level   0.466 
                   Mid-P value   0.325 
  
 Two-tailed significance level 
     Two times one-tailed significance level   0.932 
                                 Mid-P value   0.649 
     Sum of all outcomes with Prob<=Observed   0.697 
                                 Mid-P value   0.555 
 
There was no significant difference between groups. 
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Table 4.9 Exp. 6: Effect of non-agar substrates and potting mixes on survival and 
development of Arachnorchis spp. and other orchids ex vitro. 
 
 
Table 4.9.1 Increase in leaf length after deflasking for A. hastata seedlings symbiotic with 
fungus CALAHASTR37. 
 
Data are normally distributed, proceed with paired t-test. 
 
Paired T-Test and CI: Leaf length (Oct) - Leaf length (Aug) 
 
                  N      Mean     StDev   SE Mean 
Leaf length (Oct)29     63.72     12.34      2.29 
Leaf length (Aug)29     45.52     11.37      2.11 
Difference       29     18.21      6.33      1.17 
 
95% CI for mean difference: (15.80, 20.61) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 15.50  P-Value < 0.001 
 
 
There was a significant difference between the two groups for leaf length. 
 
 
Table 4.9.2 Increase in leaf length after deflasking for A. fulva seedlings symbiotic with 
fungus CALAFULVR27. 
 
Data are normally distributed, proceed with paired t-test. 
 
Paired T-Test and CI: Leaf length (Oct) - Leaf length (Aug) 
 
                  N      Mean     StDev   SE Mean 
Leaf length (Oct)22     38.41     14.26      3.04 
Leaf length (Aug)22     31.23     10.37      2.21 
Difference       22      7.18      6.88      1.47 
 
95% CI for mean difference: (4.13, 10.23) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 4.90  P-Value < 0.001 
 
 
There was a significant difference between the two groups for leaf length. 
 
 
Table 4.9.3 Increase in leaf length after deflasking for A. fulva seedlings symbiotic with 
fungus CALAFULVR28. 
 
Data are normally distributed, proceed with paired t-test. 
 
Paired T-Test and CI: Leaf length (Oct) - Leaf length (Aug) 
 
                  N      Mean     StDev   SE Mean 
Leaf length (Oct) 5     32.00     11.51      5.15 
Leaf length (Aug) 5     19.40      7.67      3.43 
Difference        5     12.60      5.32      2.38 
 
95% CI for mean difference: (5.99, 19.21) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 5.30  P-Value = 0.006 
 
 
There was a significant difference between the two groups for leaf length. 
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Table 4.9.4 Increase in leaf length after deflasking for A. fulva seedlings symbiotic with 
fungus CALAFULVR26. 
 
Data are normally distributed, proceed with paired t-test. 
 
Paired T-Test and CI: Leaf length (Oct) - Leaf length (Aug) 
 
                  N      Mean     StDev   SE Mean 
Leaf length (Oct) 5      35.0      22.4      10.0 
Leaf length (Aug) 5      35.0      16.2       7.2 
Difference        5      0.00      9.35      4.18 
 
95% CI for mean difference: (-11.61, 11.61) 
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.00  P-Value = 1.000 
 
 
There was no significant difference between the two groups for leaf length. 
 
 
Table 4.9.5 Statistics for Figure 4.22. A. hastata seedlings symbiotic with fungus 
CALAHASTR37 compared for leaf length of August population vs October 
population. 
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: leaf length A. hastata vs time 
 
Analysis of Variance for leaf length A. hastata  
Source     DF        SS        MS        F        P 
time        1      4987      4987    35.95    0.000 
Error      57      7908       139 
Total      58     12896 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ---------+---------+---------+------- 
August     30     45.33     11.21  (-----*----)  
October    29     63.72     12.34                         (-----*----)  
                                   ---------+---------+---------+------- 
Pooled StDev =    11.78                  48.0      56.0      64.0 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0500 
 
Critical value = 2.83 
 
Intervals for (column level mean) - (row level mean) 
 
                 1 
 
       2      -24.53 
              -12.25 
 
Residuals are normally distributed, accept ANOVA. There was a significant difference in leaf length between the 
two groups. 
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Table 4.9.6 Statistics for Figure 4.22. A. fulva seedlings symbiotic with fungus 
CALAFULVR26 compared for leaf length of August population vs October 
population. 
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: leaf length A. fulva vs time 
 
Analysis of Variance for leaf length A. fulva 
Source     DF        SS        MS        F        P 
time        1        22        22     0.06    0.812 
Error       9      3291       366 
Total      10      3313 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  --------+---------+---------+-------- 
August      6     32.17     16.07  (--------------*--------------)  
October     5     35.00     22.36   (---------------*---------------)  
                                   --------+---------+---------+-------- 
Pooled StDev =    19.12                   24        36        48 
 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0500 
Critical value = 3.20 
 
Intervals for (column level mean) - (row level mean) 
                 Aug 
     Oct      -29.03 
               23.36 
 
Residuals are normally distributed, accept ANOVA. There was no significant difference in leaf length between the 
two groups. 
 
 
Table 4.9.7 Statistics for Figure 4.22. A. fulva seedlings symbiotic with fungus 
CALAFULVR27 compared for leaf length of August population vs October 
population. 
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: leaf length A. fulva vs time 
 
Analysis of Variance for leaf length A. fulva 
Source     DF        SS        MS        F        P 
time        1       717       717     4.38    0.042 
Error      46      7529       164 
Total      47      8246 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ---------+---------+---------+------- 
August     26     30.65     11.42  (---------*---------)  
October    22     38.41     14.26                 (----------*----------)  
                                   ---------+---------+---------+------- 
Pooled StDev =    12.79                  30.0      35.0      40.0 
 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0500 
Critical value = 2.85 
 
Intervals for (column level mean) - (row level mean) 
                 Aug 
       Oct    -15.22 
               -0.30 
 
Residuals are normally distributed, accept ANOVA. There was a significant difference in leaf length between the 
two groups. 
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Table 4.9.8 Statistics for Figure 4.22. A. fulva seedlings symbiotic with fungus 
CALAFULVR28 compared for leaf length of August population vs October 
population. 
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: leaf length A. fulva vs time 
 
Analysis of Variance for leaf length A. fulva 
Source     DF        SS        MS        F        P 
time        1     280.3     280.3     3.08    0.110 
Error      10     911.3      91.1 
Total      11    1191.7 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ------+---------+---------+---------+ 
August      6    20.333     7.230   (---------*----------)  
October     6    30.000    11.402               (---------*----------)  
                                   ------+---------+---------+---------+ 
Pooled StDev =    9.546               16.0      24.0      32.0      40.0 
 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0500 
 
Critical value = 3.15 
 
Intervals for (column level mean) - (row level mean) 
 
                 1 
 
       2      -21.95 
                2.61 
 
Residuals are normally distributed, accept ANOVA. There was no significant difference in leaf length between the 
two groups. 
 
 
Table 4.9.9 Difference in re-emergence between years for seedlings deflasked from 
cellulose sponge. 
 
Frequency data, proceed with Chi2 test. 
 
Chi-Square Test: Year 2000 vs Year 2001 
 
Expected counts are printed below observed counts 
 
                               Alive     Dead    Total 
Cellulose sponge (2001)           18       62       80 
                                  29.40    50.60 
 
Cellulose sponge (2000)           25       12       37 
                                  13.60    23.40 
 
                      Total       43       74      117 
 
Chi-Sq =  4.421 +  2.569 + 9.560 +  5.555 = 22.106 (Yates’ correction= 20.21) 
DF = 1, P-Value < 0.001  
 
There was a significant difference in survival between years. 
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Table 4.9.10 Difference in re-emergence between in vitro treatments for seedlings deflasked 
in 2001. 
 
Frequency data, proceed with Chi2 test. 
 
Chi-Square Test: Cellulose sponge vs germination plates 
 
Expected counts are printed below observed counts 
 
                 Alive     Dead    Total 
Cellulose sponge    18       62       80 
                    11.81    68.19 
 
Germination plate   17      140      157 
                    23.19   133.81 
 
        Total       35      202      237 
 
Chi-Sq =  3.239 +  0.561 + 1.650 +  0.286 = 5.736 (Yates’ correction = 4.85) 
DF = 1, P-Value = 0.017 
 
There was a significant difference in survival between treatments. 
 
 
Table 4.9.11 Difference in re-emergence of A. tentaculata seedlings among soil mixes. 
 
Frequency data, proceed with Chi2 test. Chi2 test on survival produced expected frequencies of <5.  Reverse by 
testing “total minus re-emerged” and work backwards.  All expected frequencies >5. 
 
Substrate Observed (not emerged)  Not (not emerged) Total 
DMSS  20 0 20 
DMSS:D  103 27 130 
DMSS:D +E_DMSS  6 4 10 
DMSS:D +D  22 8 30 
DMSS:D +E_DMSS_D 12 3 15 
E_DMSS_D 25 5 30 
E_DMSS_D +DMSS_D 15 5 20 
D 12 3 15 
    
 215 55 270 
 
 
There was no significant difference among groups. 
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Table 4.9.12 Difference in re-emergence of A. tentaculata seedlings between soil mixes with 
a purely inorganic composition vs organic material present. 
 
Frequency data, expected frequencies <5, proceed with Fisher’s exact test. 
 
Fisher’s Exact Test: Inorganic vs organic soil mix 
 
             Alive     Dead    Total 
Inorganic        6       14       20 
Organic         54      196      250 
 
Genstat 
(6,14,54,196) 
  ***** Fisher's Exact Test ***** 
  
 One-tailed significance level   0.268 
                   Mid-P value   0.198 
  
 Two-tailed significance level 
     Two times one-tailed significance level   0.537 
                                 Mid-P value   0.395 
     Sum of all outcomes with Prob<=Observed   0.404 
                                 Mid-P value   0.334 
 
There was no significant difference in survival between treatments. 
 
 
Table 4.9.13 Difference in tuber formation of Arachnorchis seedlings deflasked in early July 
compared with September 21. 
 
Frequency data, proceed with Chi2 test. 
 
Chi-Square Test: July deflask vs September 
 
Expected counts are printed below observed counts 
 
                Tuber   No tuber    Total 
July deflask       23         57       80 
                   18.97      61.03 
 
September deflask  60        210      270 
                   64.03     205.97 
 
       Total       83        267      350 
 
Chi-Sq =  0.855 +  0.266 + 0.253 +  0.079 = 1.454 
DF = 1, P-Value = 0.228 
 
There was no significant difference in tuber production between deflask months. 
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Table 4.9.14 Difference in tuber formation of Arachnorchis seedlings deflasked into different 
potting mixes. 
 
Data were normally distributed (p>0.15) using Kolmogorov-Smirnov test for normality. 
 
One-way ANOVA: tuber formation vs soil mix 
 
Analysis of Variance for tuber formation 
Source     DF        SS        MS        F        P 
soil2       1    0.1424    0.1424     7.01    0.021 
Error      12    0.2437    0.0203 
Total      13    0.3861 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ---------+---------+---------+------- 
Sand/Debco  8    0.2426    0.0766  (--------*--------)  
RBG TO mix  6    0.4464    0.2013                  (---------*----------)  
                                   ---------+---------+---------+------- 
Pooled StDev =   0.1425                   0.24      0.36      0.48 
 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0500 
 
Critical value = 3.08 
 
Intervals for (column level mean) - (row level mean) 
 
            Sand/Debco 
 
RBG TO mix   -0.3715 
             -0.0361 
 
 
Residuals normally distributed (p>0.15) using Kolmogorov-Smirnov test for normality, accept ANOVA.  There was 
a significant difference in tuber production between soil mixes. 
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Table 4.10 Exp. 7 Effect of transplantation to garden bed on survival and re-
emergence in A. tentaculata 
 
Table 4.10.1 Leaf length at planting vs soil mix, A. tentaculata. 
 
Data are normally distributed, proceed with ANOVA. 
 
One-way ANOVA: Leaf length at planting vs soil mix 
 
Analysis of Variance for leaf length at planting 
Source     DF        SS        MS        F        P 
soil mix    1      4296      4296    21.01    0.000 
Error      38      7772       205 
Total      39     12068 
                                   Individual 95% CIs For Mean 
                                   Based on Pooled StDev 
Level       N      Mean     StDev  ----+---------+---------+---------+-- 
RBG        23     44.43     15.70                        (-----*-----)  
sand/Debco 17     23.47     12.12  (------*------)  
                                   ----+---------+---------+---------+-- 
Pooled StDev =    14.30               20        30        40        50 
 
Tukey's pairwise comparisons 
 
    Family error rate = 0.0500 
Individual error rate = 0.0500 
 
Critical value = 2.86 
 
Intervals for (column level mean) - (row level mean) 
 
                 RBG 
 
sand/Debco     11.70 
               30.22 
 
Residuals are normally distributed, accept ANOVA. There was a significant difference in leaf length at planting 
(t=0) between the 2 groups. 
 
 
Table 4.10.2 Leaf width at planting vs soil mix, A. tentaculata. 
 
Data are not normally distributed, transform data. Could not transform the data, use non-parametric test instead. 
 
Mood’s Median Test: Leaf width at planting vs soil mix, A. tentaculata 
 
Mood’s Median test for leaf width at planting 
 
Chi-Square = 1.25   DF = 1   P = 0.263 
 
                                        Individual 95.0% CIs 
soil mix    N<   N>=   Median    Q3-Q1  ----------+---------+---------+------ 
RBG          6    17  2.00000  2.00000  + 
sand/Debco   2    15  2.00000  0.00000  + 
                                        ----------+---------+---------+------ 
                                            2.00020   2.00040   2.00060 
Overall median = 2.00000 
 
A 95.0% CI for median(1) - median(2): (0.00000,0.00000) 
 
There is no significant difference between the 2 groups for leaf width. 
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Table 4.10.3 Seedlings of A. tentaculata alive at 3 months vs at planting.  
 
Frequency data, expected frequencies <5, proceed with Fisher’s exact test. 
 
Fisher’s Exact Test: alive, dead 
 
             alive     dead    Total 
planting        40        0       40 
3 months later  38        2       40 
 
Genstat 
(40,0,38,2) 
  
 ***** Fisher's Exact Test ***** 
  
 One-tailed significance level   0.247 
                   Mid-P value   0.123 
  
 Two-tailed significance level 
     Two times one-tailed significance level   0.494 
                                 Mid-P value   0.247 
     Sum of all outcomes with Prob<=Observed   0.494 
                                 Mid-P value   0.247 
 
There was no significant difference between groups. 
 
 
Table 4.10.4 Leaf length of RBG soil mix seedlings at planting vs 3 months,  
A. tentaculata. 
 
Data are normally distributed, proceed with paired T-test. 
 
Paired T-Test and CI: RBG1, RBG2 
 
Paired T for RBG 1 - RBG2 
 
                  N      Mean     StDev   SE Mean 
RBG(planting)    22     45.09     15.74      3.36 
RBG(3 months)    22     54.18     19.12      4.08 
Difference       22     -9.09     23.52      5.01 
 
95% CI for mean difference: (-19.52, 1.34) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -1.81  P-Value = 0.084 
 
There was no significant difference between groups. 
 
 
Table 4.10.5 Leaf length of sand/Debco mix seedlings at planting vs 3 months,  
A. tentaculata. 
 
Data are not normally distributed, transform data Log10. 
Data are normally distributed, proceed with Paired T-tests. 
 
Paired T-Test and CI: logsand(planting), logsand(3 months) 
 
Paired T for logsand(planting) - logsand(3 months) 
 
                   N      Mean     StDev   SE Mean 
logsand(planting) 16    1.3327    0.2368    0.0592 
logsand(3 months) 16    1.6334    0.1666    0.0417 
Difference        16   -0.3007    0.2853    0.0713 
 
95% CI for mean difference: (-0.4527, -0.1486) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -4.22  P-Value = 0.001 
 
Leaves were significantly different after 3 months growth. 
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Table 4.10.6 Leaf width of RBG mix seedlings at planting vs 3 months, A. tentaculata. 
 
Data are not normally distributed, transform data. 
Data could not be transformed, use non-parametric test instead. 
 
Mood’s Median Test: WRBG vs timeW 
 
Chi-Square = 0.55   DF = 1   P = 0.457 
 
                                        Individual 95.0% CIs 
timeW      N<=    N>   Median    Q3-Q1  ----+---------+---------+---------+-- 
1           17     6     2.00     2.00   + 
2           14     8     2.00     1.00   +--------------------------------) 
                                        ----+---------+---------+---------+-- 
                                         2.10      2.40      2.70      3.00 
Overall median = 2.00 
 
A 95.0% CI for median(1) - median(2): (-1.00,0.00) 
 
There was no significant difference between groups. 
 
 
Table 4.10.7 Leaf width of sand/Debco mix seedlings at planting vs 3 months, A. tentaculata. 
 
Data are not normally distributed, transform data. 
Data could not be transformed, use non-parametric test instead. 
 
Mood’s Median Test: Wsand vs timeW 
 
Chi-Square = 0.30   DF = 1   P = 0.582 
 
                                        Individual 95.0% CIs 
timews      N<   N>=   Median    Q3-Q1  ----------+---------+---------+------ 
1            2    15  2.00000  0.00000  + 
2            1    15  2.00000  0.00000  + 
                                        ----------+---------+---------+------ 
                                            2.00020   2.00040   2.00060 
Overall median = 2.00000 
 
A 95.0% CI for median(1) - median(2): (0.00000,0.00000) 
 
There was no significant difference between groups. 
 
 
Table 4.10.8 Seedlings of A. tentaculata alive at 13 months vs at planting.  
 
Frequency data, proceed with Chi2 test. 
 
Chi-Square Test: alive, dead 
 
Expected counts are printed below observed counts 
 
            alive     dead    Total 
at planting    40        0       40 
               23.00    17.00 
 
after 13 months 6       34       40 
               23.00    17.00 
 
Total          46       34       80 
 
Chi-Sq = 12.565 + 17.000 + 12.565 + 17.000 = 59.130 (Yates’ correction= 55.7) 
DF = 1, P-Value = 0.000 
 
There was a significant difference between groups. 
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Table 4.10.9 Leaf length of RBG mix A. tentaculata seedlings (survivors) vs population 
length at planting.  
 
Data were normally distributed (p>0.05) using Kolmogorov-Smirnov test for normality, proceed with two-sample T-
test. 
 
Two-Sample T-Test and CI: leaf length vs time 
 
Two-sample T for LLRBGstart vs LLRBGend 
 
            N      Mean     StDev   SE Mean 
LLRBGstart 23      44.4      15.7       3.3 
LLRBGend    3      35.0      17.6        10 
 
Difference = mu LLRBGstart - mu LLRBGend 
Estimate for difference:  9.4 
95% CI for difference: (-36.4, 55.3) 
T-Test of difference = 0 (vs not =): T-Value = 0.88  P-Value = 0.470  DF = 2 
 
 
There was no significant difference between groups. 
 
 
Table 4.10.10 Leaf length of Debco/sand mix A. tentaculata seedlings (survivors) vs 
population length at planting.  
 
Data were normally distributed (p>0.05) using Kolmogorov-Smirnov test for normality, proceed with two-sample T-
test. 
 
Two-Sample T-Test and CI: leaf length vs time 
 
Two-sample T for LLsand vs LLendsand 
 
              N      Mean     StDev   SE Mean 
LLsandstart  17      23.5      12.1       2.9 
LLendsand     3      46.0      16.8       9.7 
 
Difference = mu LLsandstart - mu LLendsand 
Estimate for difference:  -22.5 
95% CI for difference: (-66.2, 21.1) 
T-Test of difference = 0 (vs not =): T-Value = -2.22  P-Value = 0.157  DF = 2 
 
 
There was no significant difference between groups. 
 
 
Table 4.10.11 Leaf width of RBG mix A. tentaculata seedlings (survivors) vs population width 
at planting.  
 
Data were normally distributed (p>0.05) using Kolmogorov-Smirnov test for normality, proceed with two-sample T-
test. 
 
Two-Sample T-Test and CI: leaf width vs time 
 
Two-sample T for WWRBGstart vs WWRBGend 
 
            N      Mean     StDev   SE Mean 
WWRBGstart 23      2.13      1.01      0.21 
WWRBGend    3      4.00      2.00       1.2 
 
Difference = mu WWRBGstart - mu WWRBGend 
Estimate for difference:  -1.87 
95% CI for difference: (-6.92, 3.18) 
T-Test of difference = 0 (vs not =): T-Value = -1.59  P-Value = 0.252  DF = 2 
 
 
There was no significant difference between groups. 
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Table 4.10.12 Leaf width of sand/Debco mix A. tentaculata seedlings (survivors) vs population 
width at planting.  
 
Data were normally distributed (p>0.05) using Kolmogorov-Smirnov test for normality, proceed with two-sample T-
test. 
 
Two-Sample T-Test and CI: leaf width vs time 
 
Two-sample T for WWsandstart vs WWsandend 
 
             N      Mean     StDev   SE Mean 
Wwsandstart 17     1.941     0.429      0.10 
WWsandend    3      7.00      1.00      0.58 
 
Difference = mu WWsandstart - mu WWsandend 
Estimate for difference:  -5.059 
95% CI for difference: (-7.583, -2.535) 
T-Test of difference = 0 (vs not =): T-Value = -8.62  P-Value = 0.013  DF = 2 
 
 
There was a significant difference between groups. 
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Example spreadsheet from Microsoft Excel for calculating Yates’ correction for 2x2 
Chi2 tables. 
 
Use Yates’ correction routinely for 2x2 tables     
       
 A not A Total    
treatment 1 20 17 37    
treatment 2 43 114 157    
 63 131 194    
       
 1452 =(|AD-BC|-N/2) 2108304 =(|AD-BC|-N/2)2  
Yates’ correction   409010976 =N(|AD-BC|-N/2)2  
=N(|AD-BC|-N/2)2       
(A+B)(C+D)(A+C)(B+D)   47941677 =(A+B)(C+D)(A+C)(B+D) 
       
  
Chi2= 8.531428218 =N(|AD-BC|-N/2)2  
  df=1  (A+B)(C+D)(A+C)(B+D) 
 
Chi2> 3.841 with 1 degree of freedom equates to p<0.05…sig. 
 
CAUTION: Expected frequencies less than 5 imply that obtained frequencies must include 
negative frequencies, to be normally distributed about the expected frequency, and negative 
frequencies are impossible (Lumsden, 1971). 
Accept null hypothesis, no difference in development between media for these categories 
…..or use Fisher’s exact test instead of Chi2. 
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Table 6.1 Mitochondrial sequences for CALAPHAER18 fungal isolate (R18) 
Table 6.1a Forward ML5 sequence for CALAPHAER18 fungal isolate (R18) 
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Table 6.1b Reverse ML6 sequence for CALAPHAER18 fungal isolate (R18) 
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Table 6.12b Reverse partial ITS sequence for CALAHASTR38 fungal isolate (R38) 
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Table 6.14b Reverse partial ITS sequence for CALAPHAER18 fungal isolate (R18) 
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Table 6.15a Forward partial ITS sequence for CALAROBNR11 fungal isolate (R11) 
 
 636 
Table 6.15b Reverse partial ITS sequence for CALAROBNR11 fungal isolate (R11) 
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Table 6.16 Partial ITS sequences for CALATENTR1 fungal isolate (R1) 
Table 6.16a Forward partial ITS sequence for CALATENTR1 fungal isolate (R1) 
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Table 6.16b Reverse partial ITS sequence for CALATENTR1 fungal isolate (R1) 
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Table 6.17 Partial ITS sequences for CALATENTR17 fungal isolate (CTR4) 
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Table 6.17b Reverse partial ITS sequence for CALATENTR? fungal isolate (CTR4) 
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Table 6.18 Partial ITS sequences for CALAVENUR9 fungal isolate (CV5) 
Table 6.18a Forward partial ITS sequence for CALAVENUR9 fungal isolate (CV5) 
 
       
 642 
Table 6.18b Reverse partial ITS sequence for CALAVENUR9 fungal isolate (CV5) 
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Table 6.19 Partial ITS sequences for CALAVENUR9 fungal isolate (R9m) 
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Table 6.20 Partial ITS sequences for Rhizoctonia solani (0167) 
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Table 6.20b Reverse partial ITS sequence for Rhizoctonia solani (0167) 
 
 
